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ARTICLE I. 


ANALYSIS AND EXTRACTS 


OF 


BOOK OF THE BALANCE OF WISDOM, 
AN ARABIC WORK ON THE WATER-BALANCE, 


WRITTEN BY ‘AL-KHAZINI IN THE TWELFTH CENTURY. 


By tHe Cuevartier N. KHANIKOFF, 


RUSSIAN CONSUL-GENERAL AT TABRizZ, PERSIA. 


Presented to the Society October 29, 1857. 


[Our correspondent having communicated his paper to us in the 


French language, accompanied with the extracts in the original Arabic, 
we have taken the liberty to put it into English, and have in fact re- 
translated the extracts rather than give them through the medium of the 
French version. M. Khanikoff’s own notes are printed on the pages to 
which they refer. To these we have added others, relating to the original 
text and its contents, which are distinguished by letters and numerals, 
and will be found at the end of the article——Comm. or PuB..] 


THE scantiness’of the data which we possess for appreciating 
the results arrived at by the ancient civilizations which preceded 
that of Greece and Rome, renders it impossible for us to form 
any probable conjecture respecting the development which our 
present knowledge might have attained, if the tradition of the 
discoveries made by the past in the domain of science had been 
transmitted without interruption, from generation to generation, 
down to the present time. But the history of the sciences pre- 
sents to us, in my opinion, an incontestable fact of deep signifi- 
cance: the rediscovery, namely, in modern times, of truths 
laboriously established of old; and this fact is of itself enough 
to indicate the necessity of searching carefully in the scientific 
heritage of the past after all that it may be able to furnish us 
for the increase of our actual knowledge; for a double discov- 
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ery, necessarily requiring a double effort of human intellect, is 
an evident waste of that creative force which causes the advance 
of humanity in the glorious path of civ‘lization. Modern orien- 
talists are beginning to feel deeply the justice and the importance 
of the counsel given them by the author of the Mécanique Cé- 
leste, who, in his Compendium of the History of Astronomy, 
while persuading them to extract from the numerous oriental 
manuscripts preserved in our libraries whatever they contain 
that is of value to this science, remarks that “the grand varia- 
tions in the theory of the system of the world are not less inter- 
esting than the revolutions of empires ;” and the labors of MM. 
Chézy, Stanislas Julien, Am. Sédillot, Woepcke, Bochart, Spren- 
gel, Moreley, Dorn, Clément-Mullet, and others, have enriched 
with a mass of new and instructive facts our knowledge re- 
specting the state of the sciences in the Orient. Notwithstand- 
ing this, however, it must be granted that M. Clément-Mullet 
was perfectly justified in saying, as he has done in an article on 
the Arachnids, published in the Journal Asiatique,* that re- 
searches into the physical sciences of the Orientals have been 
entirely, or almost entirely, neglected; and it is only necessary 
to read the eloquent pages in which the author of the Cosmos 
estimates the influence of the Arab element upon European civ- 
ilization, to be convinced of the scantiness of our information 
as to the condition of physical science among the Arabs; for 
that illustrious representative of modern civilization, after hav- 
ing shown that the Arabs had raised themselves to the third step 
in the progressive knowledge of physical facts, a step entirely 
unknown to the ancients, that, namely, of experimentation, con- 
cludes that,t ‘as instances of the progress which physical sci- 
ence owes to the Arabs, one can only mention the labors of 
Alhazen respecting the refraction of light, derived perhaps in 
part from the Optics of Ptolemy, and the discovery and first 
application of the pendulum as a measure of time, by the great 
astronomer Ebn-Y unis.” 

All this leads me to suppose that men of science will be inter- 
ested to have their attention called to a work of the twelfth cen- 
tury, written in Arabic, which treats exclusively of the balance, 
and of the results arrived at by the help of that instrument, 
which has given to modern science so many beautiful discoveries. 
I hesitated for some time whether to offer a pure and simple 
translation of this work, or a detailed analysis of its contents, 
presenting in full only those permages which contain remarkable 
matter, worthy of being cited. Finally, taking into considera- 
tion the numerous repetitions, the superfiuity of detail, and even 





* Number for Aug.—Sept., 1854, 5me Série, iv. 214, etc. 
+ Kosmos, ii, 258 (originul edition). 
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the obscurity of exposition, of matters which, thanks to the pro- 
gress of science, have become for us elementary, and which, if 
presented in the little attractive form of the original text, would 
tend rather to conceal than to develop the interesting facts which 
it contains, I have decided to translate, in full, only the preface 
and introduction of the work, its exposition of the principles 
of centres of gravity, and its researches into the specific gravi- 
ties of metals, precious stones, and liquids, and to limit myself, 
beyond this, to citing the words of the author as pieces justifica- 
tives, to show whether I have fully apprehended the sense of his 
reasonings, 

I have had at my disposal only a single manuscript ‘copy of 
this work, which moreover lacks a few leaves in the middle and 
at the end, so that it has been impossible to determine its age: 
to judge from the chirography, however, it is _ ancient, and 
the absence of diacritical points sufficiently indicates that it is a 
work of the scribes of Ispahan, who have the bad habit of omit- 
ting these points, so essential to the correct reading of oriental 
texts. The original of each extract, whether longer or shorter, 
will be found accompanying its translation. It only remains for 
me to say that I have been scrupulous to render as faithfully 
as possible the text of my author, wherever I have cited from 
him; in the cases where I have had to fill out the ellipses so 
common in Arabic, I have marked the words added by placing 
them in brackets. 

The work commences thus : 
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In the name of God, the Compassionate, the Merciful. 


Praise be to God, beside whom there is no deity, the Wise, the True, 
the Just! and may the blessing of God rest upon all His prophets and 
ambassadors, whom He has sent to His servants in order to justice, 
singling out our Prophet Mukammad, the Elect, to be the bearer of the 
law mild in righteousness ! 

Now, then, to our subject. Justice is the stay of all virtues, and the 
support of all excellencies. For perfect virtue, which is wisdom in its 
two parts, knowledge and action, and in its two aspects, religion and the 
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course of the world, consists of perfect knowledge and assured action ; 
and justice brings the two [requisites] together. It is the confluence of 
the two perfections of that virtue, the means of reaching the limits of all 
greatness, and the cause of securing the prize* in all excellence. In order 
to place justice on the pinnacle of perfection, the Supreme Creator made 
Himself known to the Choicest of His servants under the name of the 
Just; and it was by the light of justice that the world became complete 
and perfected, and was brought to perfect order—to which there is 
allusion in the words of the Blessed: “by justice were the heavens and 
the earth established ;” and, having appropriated to justice this elevated 
rank and lofty place, God has lavished upon it the robes of complacency 
and love, and made it an object of love to the hearts of all His servants ; 
so that human nature is fond of it, and the souls of men yearn after it, 
and may be seen to covet the experience of it, using all diligence to 
secure it. If any thing happens to divert men from it, or to incline 
them to its opposite, still they find within themselves a recognition of it 
and a confirmation of its real nature; so that the tyrant commends the 
justice of others. For this reason, also, one sees the souls of men 
pained at any composition of parts which is not symmetrical, and so 
abhorring lameness and blindness, and auguring ill therefrom. More- 
over, in order to the preservation of the empire of justice, the Supreme 





* Hiwd) Wued ie. reed of precedence. By this name is designated a lance 
planted in the middle of a plain, where horse-races are held, and which the leader 
in the race seizes in passing. 
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God has made the side-members of man’s body in pairs, and its middle 
members single ; and He calls men to pursue the paths of felicity by 
the practice of justice, and adherence to uprightness, according to the 
divine words: “and do justly—verily, God loves them who do justly,”* 
and again: “as for them who say ‘our Lord is God,’ and are upright”|— 
wishing to do them good, and lavishing mercy upon them. God has 
even set up justice as the criterion of judgment between His creatures, 
being content with equity; so that no one will pass the bridge of salva- 
tion without a certificate of uprightness in action, nor repose in the 
paradise of felicity without a diploma of justice in knowledge. 

Justice in knowledge is the verification of the object of knowledge in 
accordance with its scope, in the way appropriate to it, kept clear of 
the defect of doubt and uncertainty. Justice in action is two-fold: 
1, self-government, which is the harmonizing of the natural endow- 
ments, the maintenance of equilibrium between the powers of the soul, 
and the bringing of them under beautiful control—agreeably to the 
saying: “the most just of men is he who lets his reason arbitrate for 
his desire ;” and it is a part of the perfection of such a man that he 
dispenses justice among those inferior to himself, and wards off from 
others any injury which he has experienced, so that men are secure as 
to his doing evil; 2. control over others, which consists in the main- 
tenance of moderation within one’s self, together with a power of con- 
straint, in respect to the performance of obligations to men, and the 
requiring of that performance on their part. 





* Kur. xlix. 9. + Kur. xlvi. 12. 








6 N. Khanikoff, 





Hen Sle al tim, lial, Ls plas ¥ sigs! ty all Karin 
meine Srell cies ey! oft sole ogi (de agers, ole cllas 
whey Lim, KiesTt yo 9 “wrk Sy FS We pl! eos (a 
Syi8s split RS mgezsly pgelrio croton ppelrily mgmatil Tne git 
pas plas xcem, Remy 281, Sooiy pple team, Lot, Ly int 
SSNS 168 yaya Bo Srall ogale ghia Jiro pK popes wane cyb 
ore on OLS ach F oH saselt al GLY TIE xelacsh comsy 
Spey gail Saal compel beet pypilill 9M ail ope Vy aay 
rhe) abe (quill Kw aman Spinielly Jolt yar a pK sully 
nel) Jl pypuatioll py yciul tt clalally pygrigel ceatt (SLI, 
Lal Py csleye poe Kb abildy Syn dl olgi ? ait eyXal R,9 
SyKa) Gol cet ie sls Jaw S} GUSW shag, att 8 J 
cy abenlt pbandt ale abyiis alt Line Grell altel Ring olpntilly 
chee GI pr Luly pple Maal cool no, g Sle alll je 


Justice is the support of both religion and the course of the world, 
and the stay of future as well as present felicity ; so that whoever takes 
hold of it, or of one of its branches, takes hold of a strong handle to 
which there is no breaking. Furthermore, because the mercy of the 
Supreme God intended to secure the rewards of virtue to His servants, 
and to establish them in the open way of His rectitude, He willed that 
justice should abide among them to the last day, uninterrupted, and 
unimpaired by the lapse of times and . Knowing that men would 
injure one another by compliance with the requirements of their natural 
impulses, He gave them self-command, as an inherent prerogative of 
their being—which they are naturally capable of and fitted for—and, 
in the amplitude of His mercy, and the breadth of His compassion, has 
provided for them, with constant goodness, by raising up among them 
just judges, their never-failing securities for justice. Of these there are 
three, answering to the several divisions of justice: 1. the glorious 
Book of God, which, from beginning to end, is without any admixture 
of error, is the supreme canon, to which both legal rules and doctrinal 
principles refer back, the arbiter between the Supereminent and the 
subject creature, to which the tradition of the Blessed Prophet is the 
sequel; 2. the guided leaders and established doctors, set up in order 
to the dissipation of uncertainties and the removal of doubts, who 
are the vicars of the Prophet, and his sub&titutes, in every age and 
time, who protect the way of religion, and guide men into the paths of 
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felicity, when attacked by doubts and uncertainties; of whom is the just 
ruler alluded to in the words of the Blessed: “the Sultan is the shadow 
of the Supreme God, upon His earth, the refuge of every one injured, 
and the judge;” 3. the balance, which is the tongue of justice, the 
article of mediation between the commonalty and the great; the crite- 
terion of just judgment, which with its final decision satisfies all the 
good and wicked, just-doers and doers of iniquity; the standard, by its 
rectitude, for the settlement of men’s altercations; the security of order 
and justice among men, in respect to things whivh are left to them and 
committed to their disposal ; made by God the associate of His Kuran, 
which He joins on to the pearl-strings of His beneficence, so that 
the Supreme says: “God who hath sent down the True Book and the 
balance,”* and connects the benefit of the institution of the balance 
with that of the raising of the heavens, in the divine words: “and as 
for the heavens, He hath raised them; and He hath instituted the 
balance ; transgress not respecting the balance, do justice in weighing, 
and diminish not with the balance.”t The Supreme God also says: 
“weigh with an even balance.”{ Indeed, the balance is one of the Su- 
preme God’s lights, which He has bountifully bestowed upon His serv- 
ants, out of the perfection of His justice, in order that they may thereby 
distinguish between the true and the false, the right and the wrong. 
For the essence of light is its being manifest of itself, and so seen, and 
that it makes other things manifest, and is thus seen by; while the 
balance is an instrument which, of itself, declares its own evenness or 
deflection, and is the means of recognizing the rectitude or deviation 
therefrom of other things. It is on account of the great power of the 
balance, and its binding authority, that God has magnified and exalted 





* Kur. xiii. 16. + Kur, lv. 6, 7, 8. ' ¢ Kur, xvii. 37. 
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it to such a degree as to rank it with His Book and the sword, in the 
divine words: “and we have sent down, with them, the Book; and 
the balance, in order that men may do justice ; and we have sent down 
the cutting blade, which has exceeding force.”* So, then, the balance 
is one of the three supports of that justice by which the world stands ; 
and justice is called “God’s balance among His servants,” both on 
account of this relationship of the balance thereto, and because it 
typifies the justice of the last day, clear of all injustice in its sentence, 
which is signified by the words of the Supreme God: “shall not, then, 
a soul be wronged at all?”+ and “he to whom the balance with just 
measure shall be given, will have much good done to him; and none 
are mindful thereof, save those who have hearts.” 















Sect. 1. Enumeration of the Advantages and Uses of the Balance of 
Wisdom. 

Says ‘al-Khazini, after speaking of the balance in general,—The bal- 
ance of wisdom is something worked out by human intellect, and perfected 
by experiment and trial, of great importance on account of its advantages, 
and because it supplies the place of ingenious mechanicians. Among 
these [advantages| are: 1. exactness in weighing: this balance shows 
variation to the extent of a mithkal, or of a grain, although the entire 
weight is a thousand mithkals, provided the maker has a delicate hand, 
attends to the minute details of the mechanism, and understands it; 

















* Kur. lvii. 25. , + Kur. xxi. 48, with U3! for YG. 
¢ Kur. ii. 272, altered. 














Book of the Balance of Wisdom. 9 


yen RTT, al pe cys Lge Ob OLS atiysistes cys hill pone 
oe or cite cite Oldall op SI psy ¢ pall sul 3 Le x 
cay wade ¢ pul Kaa? rans 9} adh oS Doms (aes oye Lgcass diy 
cspiod NSF US SI Le pad OSS oy55 Quad ar des Rest tt, gw 
AM rind USS Lagijy Ccpited 151 cingll 3 amie cSogil & Lesijs 
cll el om 2 Say Renal, Lg Legis om Uae coll ors 
crinpell dy LOK one ead I LIT gaifall aly adLSsy 2c; oe 
povell gs Roy die Kad I dell se lilt obal edge Sh Racball, 
mtd 9G Rak cle Ger pill, pot All spirally Sept smb 
tts A513 palit oH O48 St bitsy olsvical! lawl, ne ope Lact 
shall ptt Spall slog Dalal, Saall Jabawe cps (KS aiplangs be 


2. that it distinguishes pure metal from its counterfeit, each being recog- 
nized by itself, without any refining; 3. that it leads to a knowledge of 
the constituents of a metallic body composed of any two metals, without 
separation of one from another, either by melting, or refining, or change 
of form, and that in the shortest time and with the least trouble; 4. that 
it shows the superiority in weight of one of two metals over the other 
in water, when their weight in air is the same; and reversely, in air, when 
their weight in water is the same; and the relations of one metal to an- 
other in volume, dependent on the weight of the two [compared] in the 
two media; 5. that it makes the substance of the thing weighed to 
be known by its weight—differing in this from other balances, for they 
do not distinguish gold from stone, as being the two things weighed ; 
6. that, when one varies the distances of the bowls from the means of 
suspension in a determined ratio, as, for example, in the ratio of impost 
to the value of the article charged therewith, or the ratio of seven to ten, 
which subsists between dirhams and dinars,* surprising things are ascer- 
tained relative to values, without resort to counterpoises—[for instance, ] 
essential substance is indicated, and the [mere] similitude of a thing is 
decisively distinguished; and theorems relative to exchange and legal 
tenders and the mint, touching the variation of standard value, and 
certain theorems of curious interest, are made clear; 7. the gain above 
all others—that it enables one to know what is a genuine precious stone, 





* Impost, wd} , in this passage, denotes the valuation in units of money of a 
unity of provisions of a given sort; and this unity is the thing charged with the 
impost, poll. Hence the relation of one to the other must be numerical, like 


that between dirhams and dinars, which are proportioned to one another as 7 to 10. 
This explanation is derived from the second chapter of the eighth lecture of our 
author's work, which is not of sufficient importance to be translated. 
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such as a hyacinth, or ruby, or emerald, or fine pearl ; for it truly discrim- 
inates between these and their imitations, or similitudes in color, made 
to deceive. 

These views have led us to the consideration of the balance of wisdom, 
and to the composition of this book, with the help of God and His 
fair aid. 


Sec. 2. Theory of the Balance of Wisdom. 


This just balance is founded upon geometrical demonstrations, and 
deduced from physical causes, in two points of view: 1. as it implies 
centres of gravity, which constitute the most elevated and noble depart- 
ment of the exact sciences, namely, the knowledge that the weights of 
heavy bodies vary according to difference of distance from a point in 
eomnmon—the foundation of the steelyard; 2. as it implies a knowledge 
that the weights of heavy bodies vary according to difference in rarity 
or density of the liquids in which the body weighed is immersed—the 
foundation of the balance of wisdom. 

To these two principles the ancients directed attention in a vague way, 
after their manner, which was to bring out things abstruse, and to declare 
dark things, in relation to the great philosophies and the precious scien- 
ces. We have, therefore, seen fit to bring together, on this subject, what- 
ever useful suggestions their works, and the works of later philosophers, 
have afforded us, in connection with those discoveries which our own 
meditation, with the help of God and His aid, has yielded. 
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Sec. 3. Fundamental Principles of the Art of Constructing this 
Balance. 


Every art, we say, has its fundamental principles, upon which it is 
based, and its preliminaries to rest upon, which one who would discuss 
it must not be ignorant of. These fundamental principles and prelimi- 
naries class themselves under three heads: 1. those which rise up [in the 
mind] from early childhood and youth, after one sensation or several 
sensations, spontaneously ; which are called first principles, and common 
familiar perceptions; 2. demonstrated principles, belonging to other 
departments of knowledge; 3. those which are obtained by experiment 
and elaborate contrivance. Now as this art which we propose to investi- 
gate involves both geometrical and physical art, uniting as it does the 
consideration of quantity and quality; and as to each of these two arts 
pertain the fundamental principles mentioned, it has itself, necessarily, 
such fundamental principles; so that one cannot possess a thorough 
knowledge of it, without being well grounded in them. But inasmuch 
as some of the familiar perceptions relative to this art are so perfectly 
evident that it is useless to draw upon them in books, we leave them 
unnoticed; pursuing a different course in respect to certain first princi- 
ples not perfectly evident, which we shall speak of as there is occasion. 
As for those derivative fundamental principles, obtained by experiment 
and ocular proof, and likewise, as to demonstrated principles belonging 
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to other sciences, we shall call them up so far as may be necessary, in 
the way of allusion and passing notice. 


Sect. 4. Institution of the Water-balance; Names of those who have 
discussed it, in the order of their succession; and Specific Forms of 
Balances used in Water, with their Shapes and Names. 


It is said that the [Greek] philosophers were first led to think of setting 
up this balance, and moved thereto, by the book of Menelaus addressed 
to Domitian, in which he says: “O King, there was brought one day to 
Hiero King of Sicily a crown of great price, presented to him on the 
part of several provinces, which was strongly made and of solid work- 
manship. Now it occurred to Hiero that this crown was not of pure 
gold, but alloyed with some silver; so he inquired into the matter of 
the crown, and clearly made out that it was composed of gold and silver 
together. He therefore wished to ascertain the proportion of each metal 
contained in it; while at the same time he was averse to breaking the 
crown, on account of its solid workmanship. So he questioned the geom- 
etricians and mechanicians on the subject. But no one sufficiently skill- 
ful was found among them, except Archimedes the geometrician, one of 
the courtiers of Hiero. Accordingly, he devised a piece of mechanism 
which, by delicate contrivance, enabled him to inform king Hiero how 
much gold and how much silver was in the crown, while yet it retained 
its form.” That was before the time of Alexander. Afterwards, Menelaus 
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[himself] thought about the water-balance, and brought out certain uni- 
versal arithmetical methods to be applied to it; and there exists a treatise 
by him on the subject. It was then four hundred years after Alexander. 
Subsequently, in the days of Maman, the water-balance was taken into 
consideration by the modern philosophers Sand Bin ‘Ali, Yihanné Bin 
Yasif and ‘Ahmad Bin ‘al-Fadhl the surveyor; and in the days of the 
Samanide dynasty, by Muhammad Bin Zakariy& of Rai, who composéd 
a treatise on the subject, which he speaks of in his Book of the Eleven, 
and named this balance “the physical balance ;” and in the days of the 
Dailamite dynasty, by ‘Ibn ‘al-’Amid and the philosopher ‘Ibn-Sina, both 
of whom distinguished [the components of] a compound body scientifically 
and exactly, but composed no work on the subject; and in the days of 
the house of Nasir ‘ad-Din, by ‘Abu-r-Raihan, who took observations on 
the relations of [different] metallic bodies and precious stones, one to 
another, as indicated by this balance, and carried his deductions so far as 
to distinguish one from another [in a compound], exactly and scientific- 
ally, without melting or refining, by arithmetical methods. 

Some one of the philosophers who have been mentioned added to the 
balance a third bowl, connected with one of the two bowls, in order to 
ascertain the measure, in weight, of the rising of one of the two bowls in 
the water: and by that addition somewhat facilitated operations. Still 
later, under the victorious dynasty now reigning—may the Supreme 
God establish it !—the water-balance was taken up by the eminent teacher 
‘Abd-Hafs "Umar ‘al-Khaiyami, who verified what was said of it, and 
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demonstrated the accuracy of observation upon it, and the perfection of 
operation with it—supposing a particular sort of water to be used— 
without having a marked balance. The eminent teacher ‘Abd-Hatim 
‘al-Muzaffar Bin ‘Isma’il of ‘Isfazdr, a cotemporary of the last named, also 
handled the subject, for some length of time, in the best manner possible, 
giving attention to the mechanism, and applying his mind to the scope 
of the instrument, with an endeavor to facilitate the use of it to those 
who might wish to employ it. He added to it two movable bowls, for 
distinguishing between two substances in composition; and intimated 
the possibility of the specific gravities of metals being [marked] upon its 
beam, for reading and observation, relatively to any particular sort of 
water. But he failed to note the distances of specific gravities from the 
axis, by parts divided off and numbers; nor did he show any of the 
operations performed with them, except as the shape of the balance 
implied them. It was he, too, who named it “the balance of wisdom.” 
He passed away, to meet the mercy of the Supreme God, before perfecting 
it and reducing all his views on the subject to writing. 


Sect. 5. Forms and Shapes of the Water-balance. 


Says ‘al-Khazini, coming after all the above named,—Balances used 
in water are of three varieties of shape: 1. one with two bowls arranged 
in the ordinary way, :called “the general simple balance”; to the beam 
of which are frequently added round-point numbers; 2. one with three 
bowls for the extreme ends, one of which is suspended below another, and 
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is the water-bowl; which is called “the satisfactory balance,” or “the 
balance without movable bowl;” 3. one with five bowls, called “the com- 
prehensive balance,” the same as the balance of wisdom ; three of the 
bowls of which are a water-bowl and two movable bowls. The knowl- 
edge of the relations of one metal to another depends upon that perfect- 
ing of the balance, by delicate contrivance, which has been accomplished 
by the united labors of all those who have made a study of it, or pre- 
pared it by fixing upon it [points indicating] the specific gravities of 
metals, relatively to a determined sort of water, similar in density to the 
water of the Jaihtin of Khuwarazm, exclusively of other waters. 

It is also possible, however, for one who is attentive and acute, by 
means of this balance, to observe the specific gravities of precious stones 
and metals [marked] upon it, with any water agreed upon, at any time, 
with the least trouble, at the shortest notice, and with the greatest facility 
of operation ; as I shall set forth in the course of this book, with the help 
of the Supreme God, and the felicity of the imperial power of the most 
magnificent Sultan, the exalted Shah of Shahs, the king of subject 
nations, the chief of the Sultans of the world, the Sultan of God’s earth, 
the protector of the religion of God, the guardian of the servants of 
God, the king of the provinces of God, designated as God’s Khalif, the 
glory of the course of the world and of religion, the shelter of Islamism 
and of Muslims, the arm of victorious power, the crown of the illustrious 
creed, and the helper of the eminent religion, ‘Abd-l-Harith Sanjar Bin 
Malikshah Bin ‘Alparslan, Argument for the Faith, Prince of the Be- 
lievers—may God perpetuate his reign, and double his power! For his 
felicity is the illuminating sun of the world, and his justice its vivifying 
breath. 
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I sought assistance from his beams of light irradiating all quarters of 
the world, and was thereby guided to the extent of my power of accom- 
plishment in this work, and composed a book on the balance of wisdom, 
for his high treasury, during the months of the year 515 of the Hijrah* 
of our Elect Prophet Muhammad—-may the benedictions of God rest 
upon him and his family, and may he have peace! 

This book is finished by means of his auspiciousness, and the felicity 
of his high reign, embracing all sovereignties, by virtue of the Supreme 
God’s special gifts to him of fortitude and valor—so that he has subdued 
the climes of the East and West—and the excellencies united in him, 
purity of lineage, nobleness of nature, exalted nationality, and lofty 
grandeur, both by inheritance and conquest. So then, may God perpetu- 
ate his reign, who is the chief of the people of the world, the possessor of 
all the distinctions of humanity! We ask the Supreme God that he 
would lengthen his days, and increase his eminence, his power, his rule, 
and his sway—God is equal to that, and able to bring it to pass. 


Sect. 6. Division of the Book. 


I have divided the book into three parts: 1. General and funda- 
mental topics: such as heaviness and lightness; centres of gravity; 
the proportion of the submergence of ships in water; diversity of the 
causes of weight; mechanism of the balance, and the steelyard; mode 





* A.D. 1121-22. 
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of weighing with it in air and in liquids; the instrument for measuring 
liquids, in order to ascertain which is the lighter and which the heavier 
of two, without resort to counterpoises; knowledge of the relations 
between different metals and precious stones, in respect to [given] 
volume ; sayings of ancient and modern philosophers with regard to 
the water-balance, and their intimations on the subject. This part in- 
cludes four lectures of the book in their order. 2. Mechanism of the 
balance of wisdom ; trial of it; fixing upon it of [the points indicating] 
the specific gravities of metals and precious stones; adoption of coun- 
terpoises suited to it; application of it to the verification of metals and 
distinguishing of one from another [in a compound], without melting or 
refining, in a manner applicable to all balances; recognition of precious 
stones, and distinction of the genuine from their imitations, or simili- 
tudes in color. There are here added chapters on exchange and the 
mint, in connection with the mode of proceeding, in general, as to 
things saleable and legal tenders. This part embraces three lectures. 
3. Novelties and elegant contrivances in the way of balances, such as: 
the balance for weighing dirhams and dinars without resort to counter- 
poises ; the balance for levelling the earth to the plane of the horizon; 
the balance known as “the even balance,” which weighs from a grain 
to a thousand dirhams, or dinars, by means of three pomegranate- 
counterpoises ; and the hour-balance, which makes known the passing 
hours, whether of the night or of the day, and their fractions in minutes 
and seconds, and the exact correspondence therewith of the ascendant 
star, in degrees and fractions of a degree. This part is in one lecture. 
VOL. VI. 3 
* 
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The book is therefore made up of eight lectures. Each lecture in- 
cludes several chapters, and each chapter has several sections, as will be 
explained by the following table of contents, if the Supreme God, who 
is the Lord of Providence, so wills. 


TasBLe or Contents oF THE Book or THE BALANCE oF WIsDoM, CALLED 
THE COMPREHENSIVE Baance, in Ereut Lectures. 


Lecture Frrst. 


Fundamental Principles, Geometrical and Physical, on which the Com- 
prehensive Balance is based, In Seven Chapters. 


Chap. 1. Main Theorems relative to Centres of Gravity, according to 
‘Tbn ‘al-Haitham of Basrah and ‘Abf-Sahl of Kthistan, in Nine Sections. 
Chap. 2. Main Theorems, according to Archimedes, in Four Sections. 
“3. Main Theorems, according to Euclid, in Two Sections. 
“4. Main Theorems, according to Menelaus, in Two Sections. 
“ 5. Statement of Divers Theorems relative to Heaviness and 
Lightness, in Three Sections. 
Chap. 6. Theorems relative to the Ship and the Proportion of its 
Submergence, in Four Sections. 


Chap. 7. Instrument of Pappus the Greek for measuring Liquids, in 
Six Sections. 
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Lecture SEconp. 


& 


Explanation of Weight and its Various Causes, according to Thabit ; 
Fundamental Principles of Centres of Gravity; and Mechanism of the 
Steelyard, according to ‘al-Muzaffar of 'Isfazdr. In Five Chapters. 


Chap. 1. Quality of Weight, and its Various Causes, according to 
Thabit Bin Kurrah, in Six Sections. 

Chap. 2. Explanation of Centres of Gravity, in Four Sections. 

“ 3. Parallelism of the Beam of the Balance to the Plane of the 

Horizon, in Five Sections. 

Chap. 4. Mechanism of the Steelyard, its Numerical Marks, and Ap- 
plication of it, in Five Sections. 

Chap. 5. Change of the Marked Steelyard from one Weight to an- 
other, in Six Sections. 


Lecture Turrp. 

Relations between different Metals and Precious Stones in respect to 
[Given] Volume. according to ‘Abu-r-Raihin Muhammad Bin' Ahmad 
of Birtin. In Five Chapters. 

Chap. 1. Relations of the Fusible Metals and their Weights, proved 
by Observation and Comparison, in Six Sections. 

Chap. 2. Observation of Precious Stones and their Relations to one 
another in respect to [Given] Volume, in Four Sections, | 
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Chap. 3. Observation of Substances occasionally required, in Two 
Sections. ; 
Chap. 4. Observation of a Cubic Cubit! of Water, Weight of a Vol- 
ume of the Metals one Cubit cube, and Weight of so much Gold as 
would fill the Earth, in Three Sections. 
q Chap. 5. Dirhams doubled [successively] for the Squares of the Chess- 
q board, Depositing of them in Chests, their Preservation in a Treasury, 
4 and Statement of the Length of Life in which one might expend them, 
in Two Sections. 



















LecrurE Fourrs. 


| Notice of Water-balances mentioned by Ancient and Modern Philosophers, 
4 their Shapes, andthe Manner of Using them. In Five Chapters. 


Chap.1. Balance of Archimedes, which Menelaus tells of, and Manner 
of Using it, in Four Sections. 
Chap. 2. Balance of Menelaus, and the Ways in which he distin- 
guished between Metals compounded together, in Three Sections. 
Chap. 3. Exposition of what Menelaus the Philosopher says respect- 
ing the Weights of Metals, in Two Sections. 
Chap. 4. Notice of the Physical Balance of Muhammad Bin Zakariy& 
of Rai, in Three Sections. 
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Chap. 5. Water-balance in the Form spoken of by the Eminent 
Teacher "Umar ‘al-Khaiyami, Manner of Using it, and its Basis of 
Demonstration, in Four Sections, 


Lecture Firru. 


Mechanism of the Balance of Wisdom, its Adjustment, Trial of it, and 
its Explanation, In Four Chapters. 


Chap. 1. Mechanism of its Constituent Parts, as indicated by ‘al-Mu- 
zaffar Bin ‘Isma’il of ‘Isfaz4r, in Four Sections. 

Chap. 2. Adjustment of its Mechanism, and Arrangement of the 
Connection between its Constituent Parts, in Four Sections. 

Chap. 3. Explanation of it, and Express Notice of its Names and the 
Names of its Constituent Parts, in Four Sections. 

Chap. 4. Trial of it, and Statement of what happens or may happen 
to the Weigher in connection therewith, in Six Sections. 


Lecture Sixtu. 

Selection of Appropriate Counterpoises ; Mode of Operating thereby, in- 
cluding: 1. Discrimination between Mixed Metals, by means of the two 
Movable Bowls, and Distinction of Each One of two Constituents of 
a Compound, scientifically, with the least labor, 2. Arithmeticol Deter- 
mination [as to Quantity] of the Two; and Prices at which Precious 
Stones have been rated. In Ten Chapters. 


Chap. 1. Selection of Appropriate Counterpoises, as regards Lightness 
and Heaviness, in One Section. 
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Chap. 2. Levelling of the Balance of Wisdom, Mode of Weighing 
Things by it, and Application of Numbers to the Conditions of Weight, 
in One Section. 

Chap. 3. Mode of fixing upon the Balance — points for] the Specific 
Gravities of Metals and Precious Stones, by Observation and the Table, 
in One Section. 

Chap. 4. Knowledge of the Genuineness of Metals, by use of the two 
Movable Bowls, as well as of Precious Stones, whether in the State of 
Nature or partly Natural and partly Colored, and Discrimination of one 
Constituent from another of a Compound, without melting or refining, 
with the least labor and in the shortest time, provided they are com- 
pounded Two and Two, without any thing adverse, in Three Sections. 

Chap. 5. Arithmetical Discrimination between Constituents of Com- 
pounds, through Employment of the Movable Bowl, in the plainest 
way, and by the easiest calculation, and its Basis of Demonstration, in 
Six Sections. 

Chap. 6. Relations between Metals in respect to two Weights : 
Weight in Air and Weight in Water, and their Mutual Relations in 
respect to [Given] Volume, when the two [compared] agree in Weight, 
one with the other, ascertained by Pure Arithmetical Calculation, with- 
out Use of the Balance, in Two Sections. 

Chap. 7. Certain Singular Theorems, in Two Sections. 

“ 8. Knowledge of the Weight of two Metals in Air, when they 
agree in Water-weight, in Two Sections. 

Chap. 9. Certain Singular Theorems, and Knowledge of a Metal by 
its Weight, and the reverse, in Three Sections. 

Chap. 10. Statement of the Values of Precious Stones in Past Times, 

as given by ‘Abu-r-Raihan, in One Section. ~. 


S| 


C 
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Lecture SEVENTH. 


Exchange-balance ; Adjustment of it, for any determined Relation as to 
the Weight of Dirhams and Dinérs, by Suitable Counterpoises ; 
Knowledge of Exchange, and of the Value of any Metal or Precious 
Stone, without Resort to Counterpoises; Adjusiment of it to the Rela- 
tion between Impost and the Article charged therewith, as also to that 
between Price and the Article appraised ; and Settlement of Things by 
means of it. In Five Chapters. 


Chap. 1. Statement concerning Relations, and their Necessity in the 
Case of Legal Tenders, in Four Sections. 

Chap. 2. Adjustment of the Exchange-balance, and Levelling of it, 
in Two Sections. 

Chap. 3. Weights of Dirhams and Dinars, estimated by Suitable 
Counterpoises, in Four Sections. 

Chap. 4. Exchange, and Knowledge of Values without Resort to 
Counterpoises, in Three Sections. 

Chap. 5. Theorems pertaining to the Mint, and Singular Theorems 
relative to Exchange, in Four Sections. 


Lecture Eicuta. Jn Hight Chapters. 


Chap. 1. Balance for weighing Dirhams and Din4rs, without Resort 
to Counterpoises, in Four Sections. 
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Chap. 2. Earth-balance, Levelling of the Earth’s Surface parallel with 
the Plane of the Horizon, and Reduction of the Surfaces of Walls to a 
Vertical Plane, in One Section. 

Chap. 3. Even Balance, and Weighing with it from a Grain to a 
Thousand Dirhams or Dinars, by means of three Pomegranate-counter- 
poises,? in Four Sections. 

Chap. 4. Hour-balance, Mechanism of its Beam, and Arithmetical 
Calculation [put] upon it, in Two Sections. 

Chap. 5. Mechanism of the Reservoir of Water or Sand, and Matters 
therewith connected, in Seven Sections. 

Chap. 6. Numericai Marks and three Pomegranate-counterpoises, in 
Five Sections. 

Chap. 7. Knowledge of Hours and their Fractions, in One Section. 

“ 8. Mechanism of the Delicate Balance, and Employment of it 
for Times and their Fractions, in One Section. 

In all, Eight Lectures, Forty-nine Chapters and One Hundred and 
Seventy-one Sections.* 





* Although our author has taken pains to define by synchronisms the periods of 
most of the philosophers whom he’ refers to in his introduction and table of con- 
tents, I think it proper to add, here, some more exact intimations of the dates 
which concern them. 

The Hiero mentioned must be Hiero ii., who died B. OC, 216, at the age of not 
less than ninety years; and our author is evidently wrong in placing Archimedes 
before the time of Alexander the Great. It is well known that the great Greek 
geometrician was killed at the taking of Syracuse by Marcellus, B,C. 212. Euclid 
composed his Elements about fifty years after the death of Plato, B.C. 347. Mene- 
laus was a celebrated mathematician of the time of Trajan, A.D:98-117. But I have 
not been able to find any notice to guide me in identifying Damétiyands. Pappus 
was probably cotemporary with Theodosius the Great, A. D. 379-395. The philos- 
ophers of the time of Maman must have lived between A. D. 813 and 833. The 
great geometrician Thabit Bin Kurrah was born in the reign of Mutassim, A. H. 221 
(A. D. 835), at Harran, and died at Baghdad A. H. 288 (A.D, 900). See ‘Ibn-Khal- 
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Before going farther I must endeavor to discover who our 
author may have been, thus supplying a deficiency occasioned 
by his too great modesty. * 


Our author continues as follows: 
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We now enter upon the First Part of the book, relying upon God, and 
imploring benedictions upon His Prophet Muhammad and his family. 
This Part includes four Lectures, which we shall set forth distinctly and 
clearly, if the Supreme God so wills. 


LECTURE First. 
Fundamental Principles, Physical and Mathematicai. 


We say—God ordering all things by His Providence—that the com- 
prehension of the main theorems relative to centres of gravity, and 





likin’s Wafayat, ed. De Slane, p. 147. As to Muhammad Bin Zakariya of Rai, he 
is said to have died A. H. 320 (A.D. 982), at a great age. [See Wiistenfeld’s Gesch. 
d. Arab. Aerzte u. Naturforscher, p.41.] Consequently, he was cotemporary with 
Nasr Bin Ahmad the Sdmanide. According to Haji Khalfah, ‘Ibn ‘al- Amid died 
A.H. 360 (A.D. 970), so that he was cotemporary with the Dailamite Rukn ‘ad- 
Daulah. The same authority gives us the date A.H. 428 (A.D. 1036) for the 
death of ‘Ibn-Sind. See Haji Khalfae Lex., ed. Fliigel, iv. 496. The Habib ‘as- 
Siyar of Khondemir places it in the Ramadhan of A. H. 427, at Hamadan, where I 
saw his tomb, in ruins, in 1852. ‘Abu-r-Raihin Muhammad, “surnamed ‘al-Birdni, 
because originally of the city called Birdn, in the valley of the Indus, passed his 
youth, and perhaps was born, in Kharizm. He was one of the society of savans 
formed in the capital of Kharizm, at the court of the prince of the country, and of 
which the celebrated Avicenna ['Ibn-Sin4] was a member. Avicenna, so long as 
he lived, kept up relations of friendship with him. When Mahmid undertook his 
expeditions into India, ‘al-Birini attached himself to his fortunes, and passed many 
age of his life in India, occupied in making himself master of the Indian sciences ; 

e also endeavored to instruct the Hindus in Arab science, by composing certain 
treatises which were translated into Sanskrit.” See Reinaud’s learned paper in 
Journ. Asiat. for Aug. 1844, 4me Série, iv. 128. Mahmdd of Ghaznah, as is well 
known, made his first expedition into India A.D. 1000. ‘Abd-Hafs "Umar ‘al- 
Khaiyami, author of an algebraic treatise lately translated by Woepcke, was born, 
according to a learned notice by this savant in Journ. Asiat. for Oct—Nov. 1854, 
5me Série, iv. 348, at NisApir, and died in that same city A. D. 1123. 

Being limited to the resources of my own library, I am unable to assign more 
definite dates to the other philosophers mentioned in this treatise. 


VOL. VI. 
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heaviness and lightness, and the mode of difference in respect thereto, in 
a liquid and in air, and relative to submergence and floating—I mean, 
the comprehension of what is known, in general, respecting heaviness and 
lightness, and the sinking of heavy bodies in water, considered in the 
light of traditions accepted on authority, is of very great utility with 
reference to the science of the balance of wisdom, and facilitates the 
conception of its ideas. After that, on reverting to those theorems, as 
an investigator of the grounds of demonstration on which they rest, 
one lays hold of them by a simple act of thought, without any toiling 
in all directions at once. What is to be said on these main theorems 
occupies seven chapters. 


Cuaprter First. 


Main Theorems relative to Centres of Gravity, according to ‘Aba-Sahl of 
Kihistan and 'Ibn ‘al-Haitham of Basrah—to aid the Speculator in 
the Science of the Balance of Wisdom to the Conception of its Ideas, 
In Nine Sections. 


Sxcrion First. 


1. Heaviness is the force with which a heavy body is moved towards 
the centre of the world. 2. A heavy body is one which is moved by an 
inherent force, constantly, towards the centre of the world. Suffice it to 
say, I mean that a heavy body is one which has a force moving it towards 
the central point, and constantly in the direction of the centre, without 
being moved by that force in any different direction; and that the force 
referred to is inherent in the body, not derived from without, nor sepa- 
rated from it—the body not resting at any point out of the centre, and 
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being constantly moved by that force, so long as it is not impeded, until 
it reaches the centre of the world. 
Sxcrion Sxconp. 

1. Of heavy bodies differing in force some have a greater force, which 
are dense bodies. 2. Some of them have a less force, which are rare 
bodies. 3. Any body whatever, exceeding in density, has more force. 
4, Any body whatever, exceeding in rarity, has less force. 5. Bodies 
alike in force are those, of like density or rarity, of which the correspond- 
ing dimensions are similar, their shapes being alike as to gravity. Such 
we call bodies of like force. 6. Bodies differing in force are those which 
are not such. These we call bodies differing in force. 

Szorion Tarp. 

1. When a heavy body moves in liquids, its motion therein is propor- 
tioned to their degrees of liquidness ; so that its motion is most rapid in 
that which is most liquid. 2. When two bodies alike in volume, similar 
in shape, but differing in density, move in a liquid, the motion therein of 
the denser body is the more rapid. 3. When two bodies alike in volume, 
and alike in force, but differing in shape, move in a liquid, that which 
has a smaller superficies main Fe by the liquid moves therein more 
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rapidly. 4. When two bodies alike in force, but differing in volume, 
move in a liquid, the motion therein of the larger is the slower.* 


Szcrion Fourrts. 


1. Heavy bodies may be alike in gravity, although differing in force, 
and differing in shape. 2. Bodies alike in gravity are those which, when 
they move in a liquid from some single point, move alike—I mean, pass 
over equal spaces in equal times. 3. Bodies differing in gravity are those 
which, when they move as just described, move differently; and that 
which has the most gravity is the most rapid in motion. 4. Bodies alike 
in force, volume, shape, and distance from the centre of the world, are 
like bodies. 5. Any heavy body at the centre of the world has the 
world’s centre in the middle of it ; and all parts of the body incline, with 
all its sides, equally, towards the centre of the world; and every plane 
projected from the centre of the world divides the body into two parts 
which balance each other in gravity, with reference to that plane. 
6. Every plane which cuts the body, without passing through the centre 
of the world, divides it into two parts which do not balance each other 





* The MS, reads exw , but it is evident that our author would say sLhs} . 
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with reference to that plane. 7. That point in any heavy body which 
coincides with the centre of the world, when the body is at rest at that 
centre, is called the centre of gravity of that body. 


Sxcrion Firra. 


1. Two bodies balancing each other in gravity, with reference to a 
determined point, are such that, when they are joined together by any 
heavy body of which that point is the centre of gravity, their two Sow 
rate] centres of gravity are on the two sides of that point, on a right 
line terminating in that point-— provided the position of that body [by 
which they are joined] is not varied ; and that point becomes the centre 
of gravity of the aggregate of the bodies. 2. Two bodies balancing 
each other in gravity, with reference to a determined plane, are such that, 
when they are joined together by any heavy body, their common centre 
of gravity is on that plane—provided the position of that body [by which 
they are joined] is not varied ; and the centre of gravity common to all 
three bodies is on that plane. 3. Gravities balancing each other rela- 
tively to any one gravity, which secures a common centre to the aggre- 
gate, are alike. 4. When addition is made to gravities balancing each 
other relatively to that centre, and the common centre of the two is 
not varied, all three gravities are in equilibrium with reference to that 
centre. 5. When addition is made to gravities balancing each other, 
With reference to a determined plane, of gravities which are themselves 
in equilibrium with reference to that. plane, all the gravities balance with 
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reference to that plane. 6. When subtraction is made from gravities 
balancing each other, of gravities which are themselves in equilibrium, 
and so the centre of gravity of the aggregate is not varied, the remaining 
gravities balance each other. 7. Any heavy body in equilibrium with 
any heavy body does not balance a part of the latter with the whole of 
its own gravity, nor with more than its own gravity, so long as the posi- 
tion of neither of the two is varied. 8. Bodies alike in force, alike in 
bulk, similar in shape, whose centres of gravity are equally distant from 
a single point, balance each other in gravity with reference to that point; 
and balance each other in gravity with reference to an even plane passing 
through that point; and such bodies are alike in position with reference 
to that plane. 9. The sum of the gravities of any two heavy bodies is 
greater than the gravity of each one of them. 10. Heavy bodies alike 
in distance from the centre of the world are such that lines drawn out 
from the centre of the world to their centres of gravity are equal. 


Sxorion Srxra. 
1. A heavy body moving towards the centre of the world does not 
deviate from the centre; and when it reaches that point its motion 
ceases.* 2, When its motion ceases, all its parts incline equally towards 





* This proves that the theory of momenta was entirely unknown to the Arabs 
of the twelfth century, excepting for the case of the lever. 
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the centre. 3. When its motion ceases, the position of its centre of 
gravity is not varied. 4. When several heavy bodies move towards the 
centre, and nothing interferes with them, they meet at the centre; and 
the position of their common centre of gravity is not varied. 5. Every 
heavy body has its centre of gravity. 6. Any heavy body is divided by 
any even plane projected from its centre of gravity into two parts bal- 
ancing each other in gravity. 7. When such a plane divides a body into 
two parts balancing each other in gravity, the centre of gravity of the 
body is on that plane. 8. Its centre of gravity is a single point. 


Sxorion SEVENTH. 


1. The aggregate of any two heavy bodies, joined together with care as 
to the placing of one with reference to the other, has a centre of gravity 
which is a single point. 2. A heavy body which joins together any two 
heavy bodies lee its centre of gravity on the right line connecting their 
two centres of gravity; so that the centre of gravity of all three bodies 
is on that line. 3. Any heavy body which balances a heavy body is 
balanced by the gravity of any other body like to either in gravity, when 
there is no change of the centres of gravity. 4. One of any two bodies 
which balance each other being taken away, and a heavier body being 

laced at its centre of gravity, the latter does not balance the second 
Pay it balances only a body of more gravity than that has. 
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Srcrion Erenrs. 


1. The centre of gravity of any body having like planes and similar 
parts is the centre of the body —I mean, the point at which its diame- 
ters intersect. 2. Of any two bodies of parallel planes, alike in force, 
and alike in altitude—their common altitude being at right angles 
with their bases—the relation of the gravity of one to the gravity of 
the other is as the relation of the bulk of one to the bulk of the other. 
3. Any body of parallel planes, which is cut by a plane parallel with two 
of its opposite planes, is thereby divided into two bodies of parallel 
planes; and the two have [separate] centres of gravity, which are con- 
nected by a sight line between them; and the body as a whole has a 
centre of gravity, which is also on this line. So that the relation of the 
gravities of the two bodies, one to the other, is as the relation of the two 

ortions of the line [connecting their separate centres of gravity and 
divided at the common centre], one to the other, inversely. 4. Of any 
two bodies joined together, the relation of the gravity of one to the 
gravity of the other is as the relation of the two portions of the line on 
which are the three centres of gravity —namely, those pertaining to the 
two taken separately, and that pertaining to the aggregate of the two 
bodies — one to the other, inversely. 


Szcrion NintH. 


1. Of any two bodies balancing each other in gravity, with reference 
to a determined point, the relation of the gravity of one to the gravity of 
the other is as the relation of the two portions of the line which passes 
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through that point, and also passes through their two centres of gravity, 
one to the other. 2. Of any two heavy bodies balancing a single heavy 
body relatively to a single point, the one nearer to that point has more 
gravity than that which is farther from it. 3. Any heavy body bal- 
ancing another heavy body relatively to a certain point, and afterwards 
moved in the direction towards that other body, while its centre of grav- 
ity is still on the same right line with the [common] centre, has more 
gravity the farther it is from that point. 4. Of any two heavy bodies 
alike in volume, force, and shape, but differing in distance from the centre 
of the world, that which is farther off has more gravity. 


End of the theorems relative to centres of gravity. 


The second chapter is entitled Theorems of Archimedes with 
respect to Weight and Lightness. I shall not give a translation 
of it, since it contains nothing which is not known. Our author 
commences by quoting from the Greek geometrician, though 
without specifying the work from which he derives the quota- 
tion, to the effect that different bodies, solid and liquid, are dis- 
tinguished by their respective weights; then he proceeds to 
enunciate, without demonstration, the principle of Archimedes, 
that the form of a liquid in equilibrium is spherical; that a 
floating body will sink into the water until it shall have displaced 
a volume of water equal in weight to its own entire weight; 
and finally, that if a body lighter than a liquid be plunged into 
that liquid, it will rise from it with a force proportionate to the 
difference between the weight of the submerged body and that 
of an equal volume of the liquid. 

VOL. VI. 5 
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The title of the third chapter is Theorems of Euclid respecting 
Weight and Lightness, and respecting the Measuring of Bodies 
by one another. It contains sundry geometrical definitions re- 
specting volumes, the enunciation of the well-known equation of 

ynamics expressing the relation between the velocity of motion, 


the space traversed, and the time, v=, and that of the princi- 


ple that gravity acts upon a body in the direct ratio of its mass. 

The fourth chapter has for its title Theorems of Menelaus 
respecting Weight and Lightness. It contains only a few well- 
known developments of the principles of Archimedes applied to 
solid and hollow bodies (x24 p> and 35-5 ¢ >), and I shall 
do no more than cite from it some of the technical terms made 
use of. The water into which a solid is plunged is called 
dl! <LJ!, “like water,” if the water displaced by the immersed 
body be of the same weight with that body; and the latter is 
designated Ji} psu, “like body.” If of less weight, the 
body is called Wl J} 31, “sinking body;” if of greater weight, 
it is styled , stb} est, “floating body.” 

The fifth chapter contains a recapitulation of the principles of 
centres of gravity, and is here given entire, with a translation : 
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Theorems recapitulated for the sake of Explanation. In Three Sections. 


Srcrion First. 
Difference in the Weights of Heavy Bodies, at the same Distance from the Centre 
of the World. 

1. I say that elementary bodies — differing in this from the celestial 
spheres — are not without interference, one with another [as to motion], 
in the two directions of the centre and of the circumference of the 
world, [as appears] when they are transferred from a denser to a rarer 
air, or the reverse. 2. When a heavy body, of whatever substance, is 
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transferred from a rarer to « denser air, it becomes lighter in weight ; 
from a denser to a rarer air, it becomes heavier. This is the case uni- 
versally, with all heavy bodies. 3. When one fixes upon two heavy 
bodies, if they are of one and the same substance, the larger of the two 
in bulk is the weightier of them. 4. When they are of two different 
substances, and agree in weight, and are afterwards transferred to a 
denser air, both become lighter; only that the deficient one, that is, the 
smaller of the two in bulk, is the weightier of them, and the other is 
the lighter. 5. If the two are transferred to a rarer air, both become 
heavier; only that the deficient one, that is, the smaller of the two in 
bulk, is the lighter of them in weight, and the other is the heavier. 


Section SEconp. 


1. When a heavy body moves in a liquid, one interferes with the 
other; and therefore water interferes with the body of any thing heavy 
which is plunged into it, and impairs its force and its gravity, in pro- 
portion to its body. So that gravity is lightened in water, in propor- 
tion to the weight of the water which is equal [in volume] to the body 
having that gravity; and the gravity of the body is so much diminished. 
As often as the body moving [in the water] is increased in bulk, the 
interference becomes greater. This interference, in the case of the bal- 
ance of wisdom, is called the rising up [of the beam]. 2. When a body 
is weighed in air, and afterwards in the water-bowl, the beam of the bal- 
ance rises, in proportion to the weight of the water which is equal in 
volume to the body weighed; and therefore, when the counterpoises are 
proportionally lessened, the beam is brought to an equilibrium, parallel 





36 N. Khanihoff, 


ET claw shsfye Le gall Jrring sudiy olstuall oye Yai It lag, 
LIK GEST ray sllly shoal & ol at a> 85 i, GLAT 
na jth Cams Seiiy coh RET S pm petal Lt, esl} Least 
Urrbudd Panam diy S aigd hy gt Quel) als Cay 3 
Spmoll LES eg» MET RAIS S [pity De styglt Ledgler Slaw! pb th 
IS xB hey itt aif Cabal oho SS oda Ht, lt NS 8 

RST I RST hy? NT eal 

CALS Jraall 

BL ALL jS0 op ope ded pyioll poles uid p> IW ST 
Naty MEST W seat EE LN ails aie eres LEST Come a; Ais 
oN dat Kani MET SMUT Riad py Sas Hegde SS OK OS 
om 4S Lally plat 4 iB IS Set gh GE ie ed 
feo AS 59 or Be GA eget do Wy actin 9 U2,3t plow 
BAO gle read Unighnde uate KW GILT Sti lilt le 
csp Lae SESS Legal, ony lal Ey KF GOT claw silo eye Kelis 


with the plane of the horizon. 3. The cause of the differing force of the 
motion of bodies, in air and in water, is their difference of shape. 4. Yet, 
when a body lies at rest in the water-bowl, the beam rises according to 
the measure of the volume of the body, not according to its shape. 
5. The rapidity of the motion of the beam is in proportion to the force 
of the body, not to its volume. 6. The air interferes with heavy bodies ; 
and they are essentially and really heavier than they are found to be in 
that medium. 7. When moved to a rarer air, they are heavier; and, 
on the contrary, when moved to a denser air, they are lighter. 


Srcrion Turep. 


1. The weight of any heavy body, 6f known weight at a particular 
distance from the centre of the world, varies according to the variation 
of its distance therefrom; so that, as often as it is removed from the 
centre, it becomes heavier, and when brought nearer to it, is lighter. 
On this account, the relation of gravity to gravity is as the relation of 
distance to distance from the centre. 2. Any gravity inclines towards 
the centre of the world; and the place where the stone having that 
gravity falls, upon the surface of the earth, is its station ; and the stone, 
together with its station, is on a straight line drawn from the centre of 
the world to the station mentioned. 3. Of any two like figures, stand- 
ing on one of the great circles of the surface of the earth, the distance 
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between the apexes is greater than that between the bases, because the 
two are on two straight lines drawn from the centre of the world, making 
the two legs of a triangle, of which the apex is the centre of the world, 
and the base [includes] the two apexes. When the stations of the two 
figures are connected [by a right line], we get the shape of two simi- 
lar triangles, the longer of which as to legs is the broader as to base. 
4. The place of incidence of a perpendicular line from the centre 
of the world, falling upon any even plane parallel with the horizon, is 
the middle of that plane, and the part of it which is nearest to the 
centre of the world. Thus,* let the plane be ab, the centre h, and the 
perpendicular line upon ad from the centre hz—that is the shortest 
line between the centre and the plane. 5. Let any liquid be poured 
upon the plane a4, and let its gathering-point be A, within the spherical 
surface ahb, [formed by attraction] from the centre A, then, in case the 
volume of the liquid exceeds that limit, it overflows at the sides of a6. 
This is so only because any heavy body, liquid or not, inclines from 
above downwards, and stops on reaching the centre of the world; for 
which reason the surface of water is not flat, but, on the contrary, con- 
vex, of a spherical shape. On this account, one who is on the sea, with 
a lighthouse in the distance, first descries its summit, and afterwards 
makes out to discover, little by little, what is below the summit, all of 
which was before, as a matter of course, concealed ; for, excepting the 
convexity of the earth, there is nothing to hide every other part but the 
summit, in the case supposed. 6. Let any sphere be formed by gravita- 
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tion over the plane ab—after being so formed, and oscillating to and 


fro, it stops at a point d, contrary to the opinion of those who think that 
it is accumulated and oscillates perpetually. 7. Of liquids in receptacles, 


they contain a greater volume when nearer to the centre of the world, 
and when farther from it contain a less volume. Thus, let adh be [the 
pe of water in] a receptacle, at the greater distance from h [the cen- 


tre], and within the spherical surface of the water, ah}, over the top of 
the receptacle [by attraction] from the centre of the world, let the 
liquid in the hollow of the receptacle be contained, and let a section of 
the surface of the sphere—which you perceive to be not a plane—be 
ahb by azb, and let the right line between these two be zh; and, on 
the other hand, let there be a receptacle at the less distance tz, in case 
we fix upon ¢ as the centre of the world, and let the new section of the 
surface of the sphere be ad4, over the top of the receptacle, [by az6], 
and let the right line between these two be zd. So then, what is in the 
receptacle increases by the excess of zd [over zh], namely, the interval 
between two spherical surfaces at different distances from the centre of 
the world—which is what we wished to state. 


I shall not stop to point out certain inaccuracies in the fore- 
going theorems of centres of gravity, since each reader will 
readily discover them for himself; but I will observe, in gen- 
eral, that the vagueness of the ideas of the Arab physicists 
respecting force, mass, and weight, a vagueness which is the 
principal cause of these inaccuracies, seems to have troubled 
them very little, for our author is no where at the pains to estab- 
lish a distinction between those three ideas. But the ideas of 
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the Arab philosophers with regard to gravitation are, in my opin- 
ion, much more remarkable; I will not call it universal gravita- 
tion, for our author expressly exempts the heavenly bodies from 
the influence of this force (see Chapter Fifth, Sect. First, 1.),° but 
terrestrial gravitation. That this great law of nature did not 
present itself to their minds in the form of a mutual attraction of 
all existing bodies, as Newton enunciated it five centuries later, 
is quite natural, for at the time when the principles exhibited by 
our author were brought forward, the earth was still regarded as 
fixed immovably in the centre of the universe, and even the 
centrifugal force had not yet been discovered. But what is 
more astonishing is the fact that, having inherited from the 
Greeks the doctrine that all bodies are attracted toward the cen- 
tre of the earth, and that this attraction acts in the direct ratio 
of the mass, having moreover not failed to perceive that attrac- 
tion is a function of the distance of the bodies attracted from 
the centre of attraction, and having even been aware that, if the 
centre of the earth were surrounded by concentric spheres, all 
bodies of equal mass placed upon those spherical surfaces would 
press equally upon the same surfaces, and differently upon each 
sphere—that, in spite of all this, they held that weight was 
directly as the mass and the distance from the centre of the 
. earth, without even suspecting, so far as it appears, that this 
attraction might be mutual between the body attracting and the 
bodies attracted, and that the law as enunciated by them was 
inconsistent with the principle which they admitted, that the 
containing surface of a liquid in equilibrium is a spherical sur- 
face. Many geometricians of the first rank, such as Laplace, 
Ivory, Poisson, and others, have endeavored to establish the con- 
sequences of an attraction which should act directly as the dis- 
tance from the centre of attraction; thus Poisson says:* “ Among 
the different laws of attraction, there is one which is not that of 
nature, but which possesses a remarkable property. This law is 
that of a mutual action in the direct ratio of the distance, and 
the property referred to is this, that the result of the action of 
all the points of a body upon any one point is independent of 
the form and constitution of that body, whether homogeneous 
or heterogeneous, and is the same as if its whole mass was con- 
centrated in its centre of gravity.” Farther on, he shows that 
under the influence of this law the containing surfaces of a re- 
volving liquid are ellipsoid or (with sufficient Memon / hyperbo- 
loid; the latter form being possible as a permanent figure only 
when the liquid is contained within a vessel. It is thus seen that 
none of the immediate effects of an action in the direct ratio of the 
distance were of such a character as to set the Arab philosophers 
on their guard against the consequences of their law of terres- 





* Traité de Mécanique, 24° édition, ii, 550-553, 
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trial gravitation, for they had not the means of arriving at these 
conclusions. On the other hand, the principle of Archimedes, 
and the suspicion which they had of the different density of the 
atmosphere at different heights, taught them that the farther a 
body was removed from the earth’s surface, and consequently 
from its centre, the less of its weight it would lose from the 
effect of the medium, that is to say, the heavier it would become; 
they did not, therefore, hesitate to admit the direct ratio of the 
distance. It is evident that the Arabs admitted the heaviness of 
the air, and even that they had, so to speak, discovered the 
means of estimating it, for they say that a given body loses less 
of its weight in a rarer than in a denser atmosphere; but in 
all probability they never made 8 prageey of this means to 
ascertain the weight of a volume of air at different altitudes. 
Finally, neither the Greeks nor the Arabs, so far as appears, 
were in possession of any positive demonstration of the princi- 
ple according to which a liquid in equilibrium takes the form of 
a sphere, but they admitted it as an evident principle, founded 
on the spherical form of the surfaces of great sheets of water. 
Upon the whole, it seems to me allowable to believe that the 
Arabs had one great advantage over the ancients with respect to 
the study of nature; this, namely, that they were to a much less 
degree than their predecessors in civilization bent upon fitting 
the facts observed into artificial systems, constructed in advance, 
and that they were vastly more solicitous about the fact itself than 
about the place which it should occupy in their theory of nature. 
I shall make no extracts from the sixth chapter, which pre- 
sents nothing at all worthy of note, but shall pass directly on 
to the seventh chapter. 
_ It reads as follows, in the original and translated : 
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Mechanism of the Instrument for measuring Liquids, as to Heaviness or 
Lightness, and Application of it, according to the Philosopher Pappus 
the Greek. 

It is evident, from the theorems already stated, and from what is to 
be presented respecting the relations between the gravities of bodies, 


that the relation of any volume of a heavy body to any volume of an- 
other heavy body, in direct ratio, when the two weigh alike in air, is as 
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the relation of gravity to gravity, inversely, [when the two are weighed] 
in water. The force of this fundamental principle, once conceded, leads 
to the construction of an instrument which shows us the exact relations 
in weight of all liquids, one to another, with the least labor, provided 
their bodies are of the same volume, definitely determining the light- 
ness of one relatively to another ; and which is very useful in respect to 
things concerning the health of the human body; and all this without 
resort to counterpoises or balance. We shall, therefore, speak of the 
construction of this instrument, the marking of lines upon it, and the 
development of a rule for the putting upon it of arithmetical calculation 
and letters [expressive of numbers]; also, of the application of the 
instrument, and of its basis of demonstration. This will occupy six 
sections. 


Szorron First. 
Construction of the Instrument. 


The length of this instrument, which is cylindrical in shape, measures 
half a hand-cubit; and the breadth is equal to that of two fingers, or 
less. It is made of brass, is hollow, not solid, and the lighter particles 
of brass are carefully turned off by the lathe. It has two bases, at its 
two ends, resembling two light drum-skins, each fitted to the end, care- 
fully, with the most exact workmanship; and on the inner plane of one 
of the two bases is a piece of tin, carefully fitted to that plane by the 
lathe, shaped like a tunnel, the base of which is the drum-skin itself. 
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The instrument being thus made, when put into liquid in a reservoir or 
vessel, it stands upon it in an erect position, and does not incline any way. 


Szorion Sxconp. 
Marking of Lines upon the Instrument. 


You draw, in the first place, lengthwise, along the whole cylinder, a 
line sab, forming its side; and let the upper part of this line remain 
above — in the vessel, namely, a small piece measuring a sixth of 
the height of the cylinder, or less, as, making a part of the line [sab] 
contiguous to the line of one of the bases, s’a. You also draw other lines 
parallel with the line a}, namely, the lines rh, wm, ht, extending to 
the limit [s’a] mentioned. Moreover, you bisect the line ab at &, and 
lay off each of the lines tr, md, It, equal to ka, and over the points 
k, t, d, l, you place a bent ruler, fitted to the bulge of the cylinder, and 
draw a circular line over those points; and, in like manner fatter laying 
off the lines jl, tn, khd], you draw, over the points ajnkh, a circle 
ajnkh, which you call the equator of equilibrium. That part of the 
instrument above the equatorial line is the side of lighter gravities 
[than that of water], and that part below the same is the side of heavier 
gravities. 

Afterwards, you divide the line ab into ten parts, for number-letters, 
and over the points of the several parts you make stripe-like arcs, rest- 
ing upon the lines nr and ab; and you divide the distance between each 
two parts into ten parts, on the line nr, so that the line mr is divided 


a 
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into a hundred like parts, Then you connect the hundred points of 
that line with the line ¢j, by small arcs at even distances one from an- 
other, which are consequently parallel with the circles of the two bases ; 
and you are to write on the surfaces [divided off] between the two lines 
ab and tj the [appropriate] number-letters, beginning at 6 and pro- 
ceeding towards a, which make what we call the line of even number. 


Szorton Turep. 


Arithmetical Development of a Rule for the Proportioned Part-numbers 
[indicating Specific Gravities], and Putting of them upon the Instrument. 
You are now to understand hew to find all numbers indicating the 
weights of liquids, In the first place, we fix, in imagination, upon an 
vessel whatever, as, for example, the daurak, capable of containing [a 
weight of] water equal to a hundred mithkals, or a hundred dirhams, 
or istars, or any thing else, at our pleasure ; and we put down, for the 
height of the instrument [to the water-line], one hundred numbers, cor- 
responding to the quantity of water assumed. Then, when we wish to 
ae up a table, putting into it the proportioned part-numbers, we mul- 
tiply 100 by 100, producing 10,000, which we keep in mind, it being 
the sum to be constantly divided; and if, then, we wish to obtain the 
proportienal for each part of the line of numbers marked upon the 
instrument, we take [the number of] that part, from the line of num- 
bers, and divide 10,000 constantly by it, and the quotient of the divis- 
ion is set down, opposite to [the number of] that part, in the table of 
part-numbers and fractions of part-numbers. But that portion of the 
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line of numbers below 100 is the basis of calculation for liquid heavier 
than water. [So that, for liquids lighter than water, we must have 
numbers above 100 to calculate ‘int 

The basis of demonstration upon which this calculation rests will be 
stated hereafter; ‘Abu-r-Raih4n alludes to it in his treatise. 

So much of the instrument as is above the equator [of equilibrium], 
and so much of the line of numbers as is above 100, pertains to liquid 
lighter than water, such as oil and the like. [In our table] we have 
contented ourselves with lines of numbers from 50 to 110, inasmuch as 
this instrument does not require to have upon it [for the calculation of 
specific gravities] numbers either greater than the one or less than the 
other of the two. 

The rule drawn out in a tabular form follows presently. 

When we wish to mark the proportioned part-numbers upon the 
instrument, we set the units of the part-numbers on the line hr, and 
their fifths and tenths on the line wm, in such manner that the [pro- 
portioned] number-letter of each of the parts of the line of numbers on 
the instrument, from 1 to 120, shall be just what the table makes it; 
and with a bent ruler, in the mode spoken of, you make lines of con- 
nection between hr and wm from 110 to 50. We begin with placing 
the number-letters [derived from the table] on the side of 6, and proceed 
towards a; but those of them which come above the line of equilibrium 
constitute the measure for light liquid, and those below that line are 
the standard for heavy liquid—both being relative to the gravity of 
water. 
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Line of Numbers. 


110 
109 
108 
107 
106 
105 
104 
108 
102 
101 
100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
88 
82 
81 


Table of Calculation by the Rule.® 


Paris. 


90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
111 
119 
118 
114 
116 
117 
119 
120 
121 
128 


Sizxtieths. 


54 
45 
35 
27 
21 
14 
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10 
15 
23 
81 
42 
54 


21 
38 
57 
17 
39 


29 
57 
28 
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Line of Numbers. Parts. 


80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 





50 


125 
127 
128 
129 
131 
133 
135 
137 
138 
140 
142 
144 
147 
149 
151 
153 
156 
158 
161 
163 
166 
169 
172 
175 
178 
181 
185 
188 
192 
196 
200 











Siztieths. 


35 
12 
53 
35 
20 

8 


54 
51 
51 
56 

3 
15 
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Sxcrion Fourrs. 
Specification of the Proportion in Weight of the Piece of Tin. 

It is necessary that the piece of tin which has been mentioned, the 
tunnel-like thing upon the base bm, on the inner plane of that base, 
should be of such proportion [in weight] that the liquid-balance, when 
put into water, stands even upon it, and sinks, without any agitation, 
either of the liquid or of the balance, until the equator of equilibrium 
is reached, upon which one’s determined weight of the liquid is marked, 
as, for instance, the 100 for water in our diagram. In order to deter- 
mine this proportion, experiment is resorted to; for the tin is either too 
heavy or too light, until the motion of the instrumgpt is arrested at the 
line spoken of ; and you carefully reduce the deficit, the excess, [in the 
weight of the tin,] by the lathe, until the cylinder, being of the allotted 
size, is evenly balanced. When the surface of the water is even with 
the equator fof equilibrium], the instrument is finished. So much for 
the determination of the proportion of the piece of tin, adapted to water 
from some known stream of a city or valley, such as the Jaihin or the 
Euphrates, or others— that being taken as the standard for all waters, 
as to lightness or heaviness ; and we may change from one water to an- 
other by varying the weight of the piece of tin, and making observations 
thereupon. Let this, then, be kept in mind. 


Szcrion Firru. 


Knowledge of the Application of the Instrument. 


This instrument.is such that, when cast into a liquid not having con- 
sistence, it sinks therein without hindrance; and if you hold it up erect, 
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not inclined, it shows the weight of that liquid by some proportioned 
part-number, among the different part-numbers looked for, marked upon 
the submerged line, provided that number is even with the level surface 
of the liquid, so that the line of submergence is upon it, or nearly so. 
The number found for the liquid in question you keep in mind, and you 
say that so much of that liquid, with its mark according to the number 
kept in mind, as would fill the imagined daurak, is proportioned to 100, 
the weight of an equivalent volume of water, as the number kept in 
mind is to the specific gravity of water. 

We proceed in the same manner when we compare the water of an- 
other country with that of the stream fixed upon; and thus it is made 
to appear which of the two is the rarer and lighter in weight. If a 
surface of water coincides with any line of less number than kh, that 
water is rarer than water of the stream fixed upon; and if it exceeds 
Kh, that is, comes on the side of greater gravity, it is heavier, by the 
measure of the round points [counted to the surface], relatively to 100. 

Should we be unable to distinguish the number of the round points, 
the line of even numbers is in plain sight. By [the number which 
marks] the point of coincidence on this line with the water we divide, 
constantly, 10,000; and the quotient of the division is the number of 
the round points looked for. This is what we wished to state. 
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Let the cylinder nm be made, and set upon some liquid into which it 
drops down, even and erect, until the line td is reached; and, on the 
other hand, [let it be put] into some liquid of great gravity, so that it 
descends [only] until the line ’as is reached. Accordingly, each of the 
two lines td and ’as—two lines circling round the cylinder, parallel 
with each other, and parallel with the two bases of the cylinder — rests 
upon the level surface of the liquid. I say, then, that the relation of 
the line ’aj to the margin j¢ is as the relation of the weight of the light 
liquid to the weight of the heavy liquid. For, the relation of the line 
’aj to the line jt is as the relation of the cylinder ’am to the cylinder 
tm; and so much of the light liquid, in which ’am is held up and im- 
mersed, as is equal in bulk to that cylinder, bears the identical relation 
to so much of the same liquid as is equal in bulk to the cylinder tm, 
which the line ’aj bears to the line j#. But Sse volume of] the 
liquid mentioned which is equivalent to the cylinder tm, equals, in 
weight, [a volume of] the liquid having more gravity equivalent to the 
cylinder ‘am ; because these two cylinders [of liquid] are each of equal 

vity with the whole cylinder »m—as Archimedes has already ex- 
plained in the first lecture of his book on the sustaining of one thing by 
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another—and the relation of ’aj to jt is exactly as the relation which 
the weight of the light liquid, equivalent in volume to the cylinder ’am, 
bears to the weight of the heavy liquid, equivalent in volume to the 
cylinder ’am; which is what we wished to explain. 

This having been made clear, we go back to the figure of the instru- 
ment, and say that, if the cylinder s¢ is put into any liquid, in an even 
position, not inclined, and it sinks until the line akh is reached, the 
weight of a daurak of that liquid is according to the measure of the 
part-numbers at the line akh; and so, when it sinks, in a liquid of more 
gravity, Loni] until the line fy is reached, the weight of that liquid is 
according to the measure of the part-numbers at the line fy. For, the 
relation of the line ab to the line bf, agreeably to the preceding expla- 
nation, is the relation of the weight of the [lighter] liquid in which the 
cylinder sinks to akh to the weight of the qr | liquid in which it 
sinks to fy, inversely. But the relation of the weight of the liquid in 
which the balance sinks to the line fy [to the weight of the lighter 
liquid], is the same as the relation of the number upon the line fy to 
the number upon the line akh; and the number upon the line fy is the 
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looked for weight of a daurak of that liquid in which the liquid-balance 
sinks to fy; while the number marked upon the line a kh is the weight 
of a daurak with the determined 100 [mithkdls, dirhams, istars, or the 
like] of that liquid in which the liquid-balance sinks to akh; which is 
what we wished to explain. 


The chapter on Pappus the Greek’s instrument for measuring liquids is 
ended; and herewith ends the first lecture. 


The substance of this demonstration, which our author states 
in a somewhat intricate manner, may be presented as follows. 

A floating body always displaces a volume of liquid equal in 
weight to the entire weight of the body itself. The liquid acts 
upward with a force equivalent to this weight, and, the body 
acting in a contrary direction with the same force, equilibrium 
is maintained. If afterwards the same body is plunged into a 
liquid less dense than the former, the part of it which is sub- 
merged will be greater than when it was immersed in the denser 
liquid, because the volume of the rarer liquid require’ in order 
to weigh as much as the floating body will be greater. The 
absolute weight of these two bodies being the same, their spe- 
cific gravities will be in the inverse ratio of their volumes; that 
is, g:g'::v':v; g and g’ being the specific gravities of the two 
bodies, and v and v’ their volumes. The most interesting circum- 
stance connected with the statement of these principles is that the 
author professes to have derived it from the first chapter of a work 
of Archimedes, which he describes as Liss ees st! n> 3 
“on the sustaining of one thing by another,” and which is proba- 
bly the same with his treatise wegi ty Bdats tquotauérwy OF regi tev 
éyouuévor, 

I have copied the figure of the areometer of Pappus as given 
by our author, with the corrections mg oye by his description 
of it. One may easily perceive that the instrument is nearly 
identical with the volumeter of Gay-Lussac, and that it was pro- 
vided with two scales, the one with its numbers increasing up- 
wards, to indicate the volume submerged in liquids of different 
density, the other with its numbers increasing downwards, to 
show the specific gravities corresponding to those submerged 
volumes. ‘The table called “table of calculation by the rule” 
merely repeats the same thing. Let us take, for example, the 
line of the first scale marked 88. We find in the table that the 
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line of the second scale corresponding to this division is 118 and 
38 sixtieths; or, expressing the latter fraction by decimals, 88 
corresponds to 113.63333+. Now it is clear that the specific 
gravity of water, taken as the unit, will be to the specific gravity 
of a liquid into which the areometer sinks to 88, as 88 to 100; 
the specific gravity of the latter will accordingly be 1.1363636-+, 
or, if multiplied by 100, 118.63686+, which differs from the 
figure adopted by our author by 0.00303, or a fifth of a sixtieth, 
a fraction of which his table makes no account. So also 98, 
according to our author, corresponds to 107.51666+, and ac- 
cording to us, to 107.526881+, the difference of which is 
0.010215+, or six tenths of a sixtieth; and so on. From this 
it appears, also, that by adopting the method of sixtieths our 
author gained the advantage of being able to make the figures 
in his table fewer, without affecting thereby the thousandths of 
his ‘specific gravities. In order to understand why he supposes 
that the limits 50 and 110 are more than sufficient for all pos- 
sible cases, I would remark that, as we shall see farther on, the 
Arabs at this period were acquainted with the specific gravities 
of only seventeen liquids, besides water, which they took for 
their unit, and mercury, which they classed among the metals, 
and not among the liquids. In this series, the heaviest liquid 
was, in their opinion, honey, of which the specific gravity, being 
1.406, fell between 71 and 72 of the first scale of the areometer ; 
the highest was oil of sesame, having a specific gravity of 0.915, 
which corresponded on the areometer to the interval between 
108 and 109; while the table gives in addition specific gravities 
from 2 to 0.902. 

The table of contents will have already excited the suspicion 
that the second lecture of the work, treating of the steelyard and 
its use, would be found to contain only elementary matters, of 
no interest. In truth, our author exhibits in the first chapter 
the opinions of Thabit Bin Kurrah respecting the influence of 
different mediums upon the weight of bodies transferred to them ; 
in the second chapter he reverts to the theory of centres of 
gravity, and demonstrates that the principle of the lever applies 
equally to two or three balls thrown at the same moment into 
the bottom of a spherical vase ;1° the third chapter contains a 
recapitulation of what had been already demonstrated respecting 
the parallelism with the plane of the horizon of the beam of a 
balance when loaded with equal weights; chapters four and five, 
finally, exhibit the theory, construction, and use of the steelyard. 

The third lecture is beyond question the richest of all in re- 
sults, which it is moreover the easier to exhibit, inasmuch as our 
author has taken the pains to collect them into a limited number 
of tables. The first chapter, according to the table of contents, 
should treat of the relations of the fusible metals, as shown by 
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observation and comparison. -In my manuscript of the Book of 
the Balance of Wisdom there remain only a few leaves of it, 
the contents of which cause the loss of the rest to be greatly 
lamented. Notwithstanding the multiplied errors of the copyist, , 
omissions, and inaccuracies of every kind, which prevent me 
from giving the text itself, it is possible to perceive what is being 
treated of, and I shall cite here and there fragments of intelligi- 
ble phrases, which have guided me in the following exposition. 
The first of the remaining leaves, after a few unintelligible words, 
which evidently belong to a phrase commenced upon the pre- 
ceding leaf, contains a figure representing an instrument devised 
by ‘Abu-r-Raihan for the determination of specific gravities. I 


gra} a3 xb, sul WT! §, wo 
Form of the Conical Instrument of ‘Abu-r-Raihan. 


6 xa} Perforation. 
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: Hi a \yiic Neck of the Instrument. 
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give an exact copy of it,'! with all the explanations which ac- 
company it, A mere inspection of it will suffice to show that 
we have here to do with an instrument made for determining the 
volumes of different heavy bodies immersed in the water which 
fills a part of the cavity, by means of the weight of the water 
displaced by these bodies, which is ascertained by conducting it 
through a lateral tube into the bowl of a balance. The descrip- 
tion given by our author of the use of this instrument, which he 
calls jlo} 23 xb, =} US, “the conical instrument of ‘A bu-r- 
Raihan,” confirms this idea; but he adds that the instrument 
is very difficult to manage, since very often the water remains 
suspended in the lateral tube, dropping from it little by little into 
the scale of the balance: 4) %olé XS SUS ope RU A KT. 
they action was accordingly known to the Arabs; and 
our author asserts that ‘Abu-r-Raihén had ascertained that, if 
the lateral tube had a circular flexure given it, was made 
shorter than a semicircle, and was pierced with holes, the 
water would flow readily through it, no more remaining in the 
tube than just enough to moisten its inner surface: WAS, 
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Sy9ea} Mall op geist. ‘Abu-r-Raihén understood very well 
that the size of the neck of this instrument affected the sensi- 
bility of its indications, and he says that he would have made it 
narrower than the little finger, but for the difficulty of removing 
through a smaller tube the bodies immersed in the water, but 
that this size was small enough to mark a sensible variation of 
the level of the water if a single grain of millet were immersed 
in it: le sll Yad WS eb BLO! ope par samy Cae sliler sly 
xi 3 Kaw ol Sh isplug. 

In the third section of this chapter, our author gives the re- 
sults of his experiments with the instrument of ‘Abu-r-Raihan 
to ascertain the specific gravity of the various metals. 1. Gold. 
He says that he purified this metal by melting it five times; after 
which it melted with difficulty, solidified rapidly, and left hardly 


any trace upon the touchstone: (a> LL ™si$o5b OOM onde 


Bins DHL Jb, yer ¢ ply mgd me i> wha; after that, he 
made ten triais, to obtain the weight of the volume of water dis- 
placed by different weights of the gold, and he found, for a hun- 
dred mithk4ls of gold, weights varying from 5 mithkdls, 1 danik, 
and | tassiij, to 5 m., 2d.: as mean weight, he adopts 5 m., 1 d., 
2t. 2. Mercury. Our author begins by saying that this is not, 
properly speaking, a metal, but that it is known to be the mother 
of the metals, as sulphur is their father. He had purified mer- 
raed by passing it several times through many folds of linen 
cloth, and had found the weight of a volume of water equal toa 
volume of a hundred mithkéls of mercury to be from 7m., 14d., 
1it, to 7m., 2d.,24t.; of which the mean, according to him, is 
7m.,2d,1t. 38. Lead. The weights found for a volume of water 
equal to that of a hundred mithkals of this metal were from 8 m., 
4d.,1t, to9m.; of which the mean, according to our author, is 
8m.,5d. 4. Silver. This metal was purified in the same man- 
ner as the gold, and the weights of the corresponding volume of 
water were from 9m., 2d.,2t., to 9m., 4d. 2t.; the mean 
adopted by our author being 9m.,4d.,1t. 5. Bronze, an amal- 
gam of copper and tin; the proportion of the two metals is not 
given: the mean weight which he adopts is 11m.,2d. 6. Cop- 
per. Least weight, 1lm.,4d.,1t.; mean, llm,8d,1t. 7. A 
metal of which the copyist has omitted to give the name: the 
weights found for it vary from 11 m., 2d., to llm., 4d., 3t, 
their mean being 11 m., 4d.; this value identifies it with the 
metal given as brass in the later tables. From these same tables 
we are able also, by reversing our author's processes, to discover 
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the mean weights adopted by him for the two metals iron and 
tin, respecting which no notices are derivable from this part of 
the manuscript; and for the sake of clearness, and of uniformity 
of treatment with the other classes of substances given later, we 
present annexed, in a tabular form, the water-equivalents of the 
metals, or the weights of a volume of water equal to that of a 
certain fixed weight of each metal respectively. 


Weights of a volume of water equai to that of a hundred 
Metals. “ mithkals of fr. metal. 
Mithkals, Daniks. Tassiijs. [Reduced to Tassije. 
Gold, 5 1 2 126 
Mercury, 7 2 1 177 
Lead, 8 5 212 
Silver, 9 4 1 233 
Bronze, 11 2 272 
Copper, 11 3 1 277 
Brass, 11 4 280 
Tron, 12 5 2 310 
Tin. 13 4 328 

















For the reduction of these weights to the form of an expres- 
sion for the specific gravity, and for a comparison of the specific 
gravities thus obtained with those accepted by modern physic- 
ists, the reader is referred to the general comparative table, to 
be given farther on, at the conclusion of our presentation of this 
part of our author’s work.'? 
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Relations of Gravity between the two | Metals]. 


When the volumes of the two agree, and because all water-equivalents 
are related by gravities, the roeb sicsege saew of the two metals 
compared] are related to each other by inverse ratio of gravity. There- 
fore, in case one desires to ascertain the weight of one of these bodies 
equivalent in volume to a hundred mithkals of gold—for example, silver 
—the relation, in weight, which the water-equivalent of gold bears to 
the water-equivalent of silver is not as the relation of the weight of the 
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body of gold to the weight of the body of silver, but is as the relation 
of the weight of the body of silver to the weight of the body of gold, 
by an inverse ratio. So then, if the weight of the gold is multiplied 
by the weight of its water-equivalent, and the product is divided by the 
weight of the water-equivalent of silver, or of any other body of whieh 
we wish to ascertain the weight [of an equivalent volume, the desired 
result is attained]. But we have designated a hundred mithk&ls as the 
weight of the gold, so that the product of the multiplication of that 
into its water-equivalent is an invariable quantity, namely, 525 mithkAls. 
That number, then, must be kept in mind, in order to the results which 
we aim to obtain, until the division of it by these [several] water- 

; equivalents brings out, as quotients, the wéights of [equal volumes of} 
the bodies having the [several} water-equivalents. e have done ac- 
cordingly, and have placed the results in the following table. 
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Table of Results from Water-equivalents of Bodies, 


Metals. hala — asian Weights reduced to Tassijs. a 
Mithkals, Daniks. | Tassijs. 
Gold. 100 0 0 |Two thousand four hundred.| 2400 
One thousand seven hun- 
Mercury. | 71 1 1 Sigal eens 1709 
One thousand four hun- 
Lead. - . , 1 dred and twenty-six. 1 
. One thousand two hun- 
Silver. * 7 : dred and ninety-eight. eR 
One thousand one hun- 
Bronze. 46 2 0 Niall oa tein 1112 
Copper. 45 3 0 OnaPonent and ninety-| jo99 
Brass. 45 0 0 One thousand and eighty.) 1080 
Ts ul 
aha! 40 3 gor hundred and seven 975 
y-five. 
Tin. 38 9 2 Nine hundred and twen- 922 
ty-two. 

















The fifth section is entirely wanting in my manuscript. As 
regards the sixth section, which is the last one in this chapter, it 
contains a recapitulation of all that had been before stated re- 
specting the specific gravities of bodies, and may be summed up 
in the familiar enunciation that the specific gravity of a body 
is the ratio between its absolute weight and the weight of the 
volume of water which it displaces. 

From this point onward, the condition of the manuscript per- 
mits me to resume the citation and translation of longer extracts. 
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Observation of Precious Stones. In several Sections. 


“Men prize these metals,” says ‘Abu-r-Raihin, “only because, under 
the action of fire, they admit of being made into conveniences for them, 
such as vessels more durable than others, instruments of agriculture, 
weapons of war, and other things which no one can dispense with who 
is set to possess himself of the good things of life, and is desir- 
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ous of the adornments of wealth. Moreover, the only token by which 
men show a preference of some of the metals [over others] is their tech- 
nical use of the letter 4, stamped upon any precious metal of which 
articles wanted are made; and in regard to that they are controlled by 
the rarity of the occurrence of the metal, and the length of time that 
it lasts; both which are distinctive characteristics of gold.” But if, 
beside the rarity of its occurrence, and its durability, and the little 
appearance of moisture on it, whether moisture of water or humidity of 
the earth, or of its being cracked or calcined by any fire, and consumed, 
together with its ready yielding to the stamp, which prevents counterfeit- 
ers from passing off something else for it, and, lastly, the beauty of its 
aspect—if there is not [beside all these characteristics] some inexplicable 
peculiarity pertaining to gold, why is the little infant delighted with it, 
and why does he stretch himself out from his bed in order to seize upon 
it? and why is the young child lured thereby to cease from weeping, 
although he knows no value that it has, nor by it supplies any want ? 
and why do all people in the world make it the ground of being at 
peace one with another, not drawing their swords to fight, though at 
the sacrifice of the powers of body and soul, of family-connections, 
children, ground-possessions, and every thing, with even a superfluity 
of renunciation, for the sake of acquiring that; and yet are ever 
longing for the third stream,* to stuff their bellies with the dust? 





* There is here an evident allusion to the traditional saying : eo! ee vy! ps 
Lagi asl wl ¥ aoall, HPS cr cians Ute “and if the son 
of Adam were to possess two flowing rivers of gold and silver, doubtless he would 
desire a third.” 
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Were it not for my fear of the physicians, I might also say that the 
soul’s gladness at the sight of gold, the fine pearl, and the silk robe, 
falls little short of its delight in medicinal confections.* Nor does the 
soul take quietly the grinding up of gold, the pulverizing of the fine 
pearl, and the reducing of silk to ashes. It is only saddened thereat ; 
for, though by such means alone the heart be strengthened, yet men, so _ 
hearing, turn away from the [offered] exhilaration. 

Silver is next to gold as respects the peculiarities mentioned, and is, 
in like manner, made into tenders for things wanted and representatives 
of value for articles of necessity. 

Nor does the description apply only to fusible minerals. On the 
contrary, you may extend it to substances not fusible. Of these, the 
red hyacintht [ruby] is equivalent to gold, on account of the rarity of 
its occurrence, the hardness of its crust, the abundance of its water, its 
lustre, the depth of its redness, its bearing of fire, its withstanding 
causes of injury, and its durability. Next to this come the yellow hya- 
cinth [topaz], that which is [blackish] like collyrium, the emerald, and 
the chrysolite, which differ [from the ruby] and are equivalents of 
silver. To all the above named the fine pearl is manifestly inferior, as 
appears from the softness of its body, its being generally composed of 





* Our author evidently alludes, in jest, to the famous ~ 2 |.) gS\ee, “exhila- 
rating confection,” of the oriental physicians. a 

+ For want of a better word, we use “hyacinth” in a generic sense in this chap- 
ter, to represent the Arabic waydh , a8 applied to all precious stones alike, a word 
which has no proper equivalent in any European language. See De Sacy’s Chrest. 
Arabe, 2d¢ éd. iii, 464. 
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pellicles, doubling one upon another, like the coats of an onion, its bein 
reduced by fire to ashes or rotten bone, and its change of color from the 
action upon it of medicine or perfume, or other like causes of deteriora- 
tion. Yet one finds no fault with its price, nor at all undervalues it. 

The number of the precious stones is not thus exhausted. But suffice 
it to say, on the other hand, that certain gems are mentioned, of which 
the mines are no longer found, and the specimens once in the hands 
of men have disappeared, so that people are now ignorant of what sort 
they were. There appear, also, from time to time, gems not before 
known, such as that red gem of Badakhshan, which, were it not for its 
softness, and that the water of its surface lasts but a little time, would 
be superior in beauty to the [red] hyacinth, and is no antiquated gem. 
The mountain containing it was fissured by an earthquake, and the 
windings of the rent brought to view, here and there, egg-like lumps of 
matter deposited in layers, resembling balls of fire, of which some were 
broken, so that a red light gleamed forth beneath where they lay. 
Lapidaries stumbled upon the gem, and gathered specimens, and, hay- 
ing nothing to guide them respecting [the purification of] its water, and 
the polishing of its face and making it brilliant, were, after a while, led 
by experiments to make use of the stone called, on account of likeness 
of color, the golden marcasite, and with that succeeded ; and the mine 
has yielded abundantly. 

It is not impossible that both fusible and infusible substances, now 
unknown, may be brought to light, at any time, from the undercliffs of 
mountains, and from the beds of rivers, the depths of seas, and the 
bowels of the earth. In respect to such, however, we will not barter 
away ready money for a credit, nor turn from the known for the sake of 
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the unknown. For I am interested in the subject of which we are in- 
vestigating the rudiments, and endeavoring to get at the main supports, 
and to tread upon the foundations, on account of the counterfeitings of 
those who put in circulation vitiated and spoiled money, and practice 
adulteration in the. goldsmith’s art. But precious stones are counter- 
feited as well as metals, nay, oftener and more successfully, because the 
eye is little accustomed to them, and wants the guidance of habit in the 
otlen of them; while, on the other hand, no one in any city fails to 
see dirhams, and no trading is possible without the handling of dinars. 
The possessors of precious stones and jewelry are few in number among 
men, while those who make use of metals are ever to be found. We 
must, therefore, treat of precious stones as we have treated of metals, if 
the Supreme God so wills. 


Sxcrion Frist. 


Statement of the Results which we have obtained, by the [ Conical] Jnstru- 
ment, in respect to Precious Stones, 


We will first enumerate the precious stones which have been com- 
red, and afterwards exhibit their proportions [of weight], as proved 
y comparison. 

1. Hyacinths. When the common people hear from naturai philoso- 
phers that gold is the most equal of bodies, and the one which has 
attained to perfection of maturity, at the goal of completeness, in re- 

to equilibrium, they firmly believe that it is something which has 
gradually come to that perfection by passing through the forms of all 
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[other metallic] bodies, so that its gold-nature was originally lead, after- 
wards became tin, then brass, then silver, and finally reached the per- 
fection of gold; not knowing that the atural philosophers mean, in 
saying so, only something like what they mean when they speak of man, 
and attribute to him a completeness and equilibrium in nature and con- 
stitution — not that man was once a bull, and was changed into an ass, 
and afterwards into a horse, and after that into an ape, and finally be- 
came man. The common people have the same false notion, also, in 
regard to the species of hyacinth, and pretend that it is first white, 
afterwards becomes black, then dusky, then yellow, and at last be- 
comes red, whereupon it has reached perfection; although they have 
not seen these species together in any one mine. Moreover, they 
imagine the red hyacinth to be perfect in weight and specific gravity, 
as they have found gold to be; whereas we have ascertained that the 
celestial species [sapphire]° and the white om diamond] exceed the red 
in gravity. Of the yellow I never happened to have a piece sufficiently 
large to be submitted to the same reliable comparisons already made 
with other species. 

2. Ruby of Badakhshan. I have, in like manner, never obtained such 
a piece of the yellow species of this gem that I could distinguish it 
from the choice red, called piydzaki, that is, the bulb-like. 

8. Emerald and Chrysolite. These names [S33 and d>o] 
are interchangeable, whether applied to one and the same thing, or 
to two things of which one has no real existence; and the name of 
emerald is the more common. I have, however, seen a person who 
gave the name of emerald to all varieties of the mineral Cp the 
beet-like, or basil-like,!* which has an equally diffused green hue, and 


is perfect, transparent, and pure in color; and who denominated the 
latter chrysolite. 
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4, Cornelian, Onyx, Lapis Lazuli, Crystal, and Glass (this last — al- 
though it is not the product of a mine, but, on the contrary, kindred to 
stones, or sand, or alkali— because it resembles crystal, for which reason 
we have submitted it to comparison), and precious stones similar to 
these, such as Malachite, Turquoise, Amethyst, and the like. The mala- 
chite [itself], on account of the rarity of its occurrence, from there being 
no mine of it now known, has been unobtainable ; so, too, the turquoise, 
which, besides, always has within it a mingling of foreign matter. This 
whole class of stones is not highly prized; excepting the onyx, for a 
certain value is attached to specimens of this mineral marked with 
ox-hoof circles,15 and likewise to those in which there happens to be 
presented the form of an animal, or some strange shape. Men have 
been long tired of the cornelian, so that it has ceased to be used as a 
stone for seal-rings, even for the hands of common people, to say 
nothing of the great. The lapis lazuli is employed on account of the 
tinting and variegation of its several species. 

5. The Fine Pearl. The pearl is not a stone at all, but only the bone 
of an animal, and not homogeneous in its parts. Yet I associate it with 
the hyacinth for its beauty, as I join therewith the emerald both for its 
beauty and its rarity. It therefore comes in here with as good reason 
as they do. Besides, there is no such difference of opinion respecting 
the minerals which have been mentioned, as exists in regard to the 
water-equivalents obtained in the case of pearls; nor have the acces- 
sions or losses, as between small and large ones, been recorded —a point 
on which there is great diversity. What I shall state, as to the pearl, 
applies to those which are large, full, and rounded. 
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6, Coral, This is a plant, though petrified, like the Jews’ stone?® and 
the sea-crab.'7 There is a white species of it, coarser than the red, per- 
forated throughout, and divided; which I have not compared, because 
men use it but little, and also because I have heard speak as if the red 


were white when torn off, and became red by exposure to the air. 


We have put together the following table. 


VOL. VI. 
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Table of Weights of the Water-equivalents of Precious Stones, 
supposing all the Weights in Air to be a Hundred Mithkdls. 


Names of Precious |Weights of Water-equiv-| Water-equivalents re- |Tassijs in 
Stones. alents. duced to Tassdjs. |Numerals. 
Mithkals. Daniks,Tassiijs. 
Celestial Hyacinth.) 25 1 2 |Six hundred and six. | 606 
; Six hundred and 
Red Hyacinth. 2% 0} o |{ nn ca 624 
[Ruby] of Badakh-| ,, 5 9 { Six hundred and sev- 670 
shan. | enty. 
ry 36 9 0 {Hight hundred and) gy 
| seventy-two. 
Lapis Lazuli. w 1.1 | 2 re ote 
| ninety-two. 
Fine Pearl. 38 | 3 | 0 oy conga 
| twenty-four. 
. Nine hundred and 
Cornelian. 39 | 0 0 { thirty-six. 936 
Nine hundred and 
Coral. 39/0] 3 iy sepals 939 
Onyx and Crystal.| 40 0 0 i ped hundred and! 949 
, Nine. hundred and 
Pharaoh’s Glass.**| 40 | 1 | 0 |j sixty-four, 964 














Srcrion Szconp. 
Relations between Weights of Precious Stones alike in Volume. 


By way of correspondence with the computation already given of the 
weights of equal masses of metals, a similar estimate is [here] furnished 
relative to precious stones of like volume, supposing that each mass is 
equal in volume to a hundred mithk&ls of the collyrium-like hyacinth ; 
in order that one who would ascertain any proportion [of weight] re- 
quired may be enabled to do so, through the properties of four mutu- 
ally related numbers. 
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Table of Weights of Precious Stones alike in Volume. 


‘i Weights, % be be 
-jume Is a Hunar . ° 
‘ate Mithlcils of theCollyrium-| Reduction to Tassdije. 
like Hyacinth. 
Mithkals. |Daniks.| Tassdjs! 
Two thousand four hun- 
dred. 

Two thousand three hun- 
Hyacinth. dred and thirty-one. 

Ruby [of Ba- Two thousand one hun- 


Celestial { 
dakhshan]. ” . , dred and seventy-one. 


Hyacinth. 100 . . 
Eat 7 | 0 |: 8 


Emerald. 69 One thousand six hundred 


and sixty-eight. 
Lapis Lazuli} 67 One thousand six hundred 


and thirty. 
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(TABLE CONTINUED.] 


[Weights when the bas , Ip 

Names of Pre-\ume is equal to a Hundre : : Tassiijs in 
cious Stones, |Mithkilsof theCollyrium-| Reduction to Tassdjs. tiv erals, 
like Hyacinth. 
Mithkaéls Daniks. Tassiijs. 


Fine Pearl. | 65 3 2 





One thousand five hundred 1574 
i and seventy-four. 
Cornelian. | 64 | 4 |] 2 myo hundred} 1554 
One thousand five hundred 
Coral. oe ° , { and forty-nine. 1540 
Onyx and One thousand five hundred 
stal. 63 0 8 i and fifteen. 1515 

















Pharaoh’s 62 5 1 One thousand five hundred 1509 


and nine. 


Glass. 


Szcrion Turap. 
Relations of Air-weighis to Water-weighis, 

We resort again to water and the just balance, and propose thereby 
to ascertain the measure of the difference between the weight of any 
one of the several precious stones in water and its weight in air. When 
the bowl containing the precious stone is once in the water, that is 
enough — you thus get its weight in water, after having weighed it in 
air. This is a great help to a knowledge of what are genuine precious 
stones, and to their being distinguished from those [artificially] colored. 
‘Abu-r-Raihan does not speak of this matter, but at the same time his 
statement given in the first section of this chapter facilitates the settle- 
ment of it; that is to say, we may take the weight of its water-equivalent 

there] stated, for each precious stone, and subtract it constantly from 
the hundred mithk&ls constituting its air-weight, and the remainder will 
be its water-weight. 

Now we have set down these water-weights in the following table. 





Book of the Balance of Wisdom. 
LoL BS wh Seabee Slide SLI alll oso ST Sgro 


eabutall mais | alt Leitso! lyst Leal 
Kas by 8 Bh pawy Will Ls ee ' ES : cod} 
se oe = Ores, dye Lewd 
nyederaes- ay MY) not} opal 
a al al aa 
3 : i on x oe +S z *} a os 

: oy 93S : td ‘ § pled 
Slama |) i a { x 3 Bi 
wa aan v oie - 
as oe east ee all 


Karly slats Sl » got Pe Kaialt 


. (aes 
rot slenssty Wil ae ‘ a 


slants wall . 
s > Po itd is obs ese 


shoes j oR 

Lave & $y) ND oe , x x : ‘ i 
we) soanatings OE” Ce 
Table of Water-weights toa Hundred Mithkdls in Air, 
added by ‘al-Khdzint. 

















wag a Water-weights. Reduction to Tasstjs. _—— 

One thousand seven} 1794 

Celestial Hyacinth 74 + 2 hundred and ninety- 

four. 

One thousand seven| 1776 

| nanared and seven- 
y-six. 

One thousand seven| 1730 
hundred and thirty. 
One thousand five} 1528 

jh hundred and twenty- 
eight. 


Red Hyacinth. 74 


[Ruby] of Badakh-| 72 
sh&n. 


Emerald. 68 


. ‘ One thousand five] 1508 
Lapis Lesali - {inundted and eight 
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[TABLE CONTINUED.] 


pes roppay: Water-weights. Reduction to Tassijs. ae 
Mithkals,|Daniks.| Tassdje. 

One thousand four} 1476 

Fine Pearl. 61 3 0 | hundred and seven- 

me thousand four} 1464 

Cornelian. 61 | hundred and sixty- 

four. 

fin thousand four} 1461 


Coral. 60 hundred and sixty- 
One thousand four| 1440 
hundred and forty. 
One thousand four] 1436 
—_— and thirty- 


Onyx and Crystal.} 60 


Pharaoh’s Glass. 59 

















Szcrion Fourrs. 
Instruction and Direction relative to Difference of Water-equivalents, 


There is not the same assurance to be obtained in regard to these 
precious stones as in regard to fusible bodies. For the latter bear 
to be beaten, until their parts lie even, which expels the air that may 
have got into them in crucibles, and separates them from earthy mat- 
ter. , a we know not what is in the interior of stones, unless 
they are transparent, and can be seen through (for, in that case, what- 
ever is within them appears), so that doubt has arisen in my mind as to 
the lightness of the red hyacinth, and the difference in weight between 
it and the dusky species. For, both the dusky and the yellow bei 
very hard, no earthy matter, or air, or any thing else, mingles with 
them ; which is rare y the case in respect to the red, inasmuch as most 
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specimens of this species have bubbles within, full of air, or, being 
mixed with earthy matter, are not without air on that account. Nor is 
the red hyacinth so splendid in color when first gathered, until fire, 
kindled upon it, has purified it; and, as it becomes hot, whenever there 
is air in the gem, it swells and is puffed up, and bursts, in order to the 
escape [of the air]. People, therefore, bore into this gem, by means 
of the diamond, opposite to every bubble or particle of dirt, to make 
way for the air, that it may escape without injuring the gem, and to 
revent a violent and rupturing resistance to expansion. When such 
rings are not made, or are too small to allow of water entering into 
them, on our immersing the gem in the [conical] instrument, the quan- 
tity of water displaced is not precisely in accordance with the volume 
of the gem, but, on the contrary, is as that and the penetrated air- 
bubbles together determine. In like manner, when the emerald is 
broken, seams appear within, or, in their place, some foreign matter is 
found. Possibly, empty cavities always exist in this mineral. But its 
rarity prevents any diminution of its price on that account. 

Whoever looks into our statements, and fixes his attention upon our 
employment of water, must be in no doubt as to well-known particulars 
concerning waters, which vary in their condition according to the reser- 
voirs or streams from which they come, and their uses, and are changed 
in their qualities by the four seasons, so that one finds in them a like- 
ness to the state of the air in those several seasons. We have made all 
our comparisons in one single corner of the earth, namely, in Jurjaniyah 
[a city] of Khuw&razm, situated where the river of Balkh becomes low, 
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at its outlet upon the little sea of Khuwdrazm,* the water of which 
river is well known, of no doubtful quality; and [all our operations 
have been performed] early in the autumnal season of the year. The 
water may be such as men drink or such as beasts drink, not being 
fresh :+ either will answer our purpose, so long as we continue to make 
use of one and the same sort. Or we may use any liquid whatever, 
though differing from water in its constitution, under the same limita- 
tion. If, on the other hand, we operate sometimes with water which 
is fresh and sometimes With that which is brackish, we may not neglect 
to balance between the conditions of the two. 
This is what we wished to specify. 





* This is positive testimony that, already at the commencement of the twelfth 
eentury, the Oxus no longer emptied into the Caspian, but into the little sea of 
Khuwarazm, that is, into the Sea of Aral. In order to contribute to a complete 
collection of those of oriental authors which relate to this interesting fact 
in the geographical Sear of our globe, I will cite a passage from Kazwini’s ’Aja'ib 
‘al-Makhlikdt, referring to the same fact in the following century. In speaking of 


the Jaihan, this author says: Sy eo mes > 5 aad cy de B 
pile cyt AS 4 nis Nitnd (il eyle> Sw ous} Oo pithy 
els! diw 5 Soo nity Leiad pjylee Fat comd Bae & Cuairy “it [the 
Jaihin] then passes by many cities, until it reaches Khuwdrazm, and no region 
except Khuw4razm profits by it, because all others rise high out of its way ; F- 
bene: it descends from Khuw4razm and empties into a small sea, called the sea 
of Khuwdrazm, distant three days’ journey from Khuwdrazm.” See el-Cazwini’s 
Kosmographie, ed. Wiistenfeld, 1° Th., 177.19 


+ The Tibydn, a commentary on the Kdmis, thus defines the two terms 3 se 
and Gopi aud be he ltl artis Ab, Ripe ad Gad ST Cu till 
Rapid ASy Byy pc} Ric WY wll ay pinay are aad mad sd! Gy pithy 

jLg.J} “water called sharib is that which is not fresh, and is drunk by men just 


as it is; and that called shardb is water not fresh, which men do not drink except 
from necessity, but which is drunk by beasts.” 
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Cuaprer Tuirp. 
Observation of Other Things than Metals and Precious Stones. 


We are [now] led to [consider] the proportionate weights of wax, 
pitch, resin, pure clay, enamel, amber, and woods of well known trees 
—pbeing the materials of models and patterns formed by goldsmiths, or 
others practising their art—for the sake of any one who may wish to 
cast an equivalent weight of some metal, after the goldsmith has pre- 
pared, by his art, a pattern [of] known [material and weight] ; including 
also the proportionate weights of other substances necessarily or option- 
ally made use of. We have set down all these substances, with their 
water-equivalents, and their weights [in equivalent volumes], in two 
tables. Let, then, the water-equivalent be measured by the [proper] 
* table, and by that let the proportion of metal sought for be determined. 

Here may be diversity of opinion—to every one his own! 

This chapter has two sections. 

Szcrion First. 
Knowledge of Weights of the [ Water-equivalents of | Materials of Models, 
when the Weight obtained out of the Water is a Hundred Mithkals. 


Names. Mithkals.|Dénike,|Tassdje,| Reduction to Tasstijs, joutins and 
Clay of Siminjan. | 50 2 0 1208 8. 
Pure Salt. 45 3 2 1094 a 
Saline Earth. 90 1 0 2164 «“ 
Sandarach, 140 4 2 3378 5 
Amber. 118 0 0 2832 . 
Enamel. 25 2 2 610 8. 
Pitch. 96 1 2 2310 “ 
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[TABLE CONTINUED. ] 











Names. Mithkéls|Diniks./Tassijs,| Reduction to Tassijs, |"1oating and 

Wax. 0 2524 ; 
Ivory.?? 0’ 1464 8. 
Black Ebony. 2124 7 
Pearl-shell. 968 va 
Bakkam-wood. 2552 fl. 
Willow-wood. 248 5955 . 

















Section Srconp. 


Knowledge of Weights of Liquids in a Vessel which holds twelve hundred 
[of any measure] of Sweet Water. 


Names. Weights. Names. Weights. 
Sweet Water. 1200 |Wine. 1227 
Hot Water. 1150 |Oil of Sesame, 1098 
Ice. 1158 |Olive-oil. 1104 
Sea-water. 1249 |Cow’s Milk. 1332 
Water of Indian Melon. | 1219 |Hen’s Egg. 1242 
Salt Water. 1361 |Honey. 1687 
Water of Cucumber. 1221 |Blood of a Man in good health 1240 
Water of Common Melon.) 1236 |Warm Human Urine. 1222 
Wine-vinegar. 1232 |Cold . 1230 
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Device for Measuring Water, Comparison between a Cubic Cubit of Water 
and the same of the Metals, and Quantity of Gold sufficient to fill the 
Harth. In Three Sections, 


Srcrion Fimsr. 


Device for Measuring Water, in order to the Determination of Relations 
between Heavy Bodies, on Premises of Superficial Mensuration. 


‘Abu-r-Raihin ordered a cube of brass to be made, with as much 
exactness as possible, and that it should be bored on its face, at two 
opposite angles, with two holes, one for pouring water into it, and the 
other for the escape of air from it; and he weighed it in the flying 
balance, first empty and hollow, then filled with fresh river-water of the 
city of Ghaznah ; [and] 392 mithkAls and 4 and 4 of a mithkal [proved 
to be the weight of that water which it would contain]. Wanting, now, 
to get the superficial measure of one [inner] side of the cube, he had 
recourse to a thread of pure silver, so finely drawn that to every three 
mithkals [of its weight] there was a length of fourteen of the cloth-cubits 
used in clothing-bazaars. He trimmed off from the length of a side [of 
the cube] the thickness of two of its opposite surfaces, and wound the 
thread around the remainder; and what this would hold of the thread 
wound around it, was 259 diameters. Now, the [length of a] side of 
the cube [thus shortened] would go into a cubit four times, with a re- 
mainder which would go five times into that length, leaving a jaeved] 
remainder which was one-ninth of that length. “The [length of a] side 
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of the cube \ gens shortened] was therefore understood to be divided 


into forty-fifth parts, of which the first remainder, the excess of a cubit 
above four times that length, made nine forty-fifths, and the second 
remainder of that length, (of which the first remainder was one-fifth,) 
made five forty-fifths, which is the same as one-ninth of that length. 
Consequently a cubit would take in 1082,%, of the mentioned diameters 
of the thread ; which being multiplied by 45, 48,692 is produced as the 
{number of] diameters of the thread to forty-five cubits. 

The cube of the [number of] diameters in the [shortened length of a] 
side, namely, 259, is 17,373,979 ; and the weight of water of the same 
volume is 9415 tasstijs. But we have said that the number of diame- 
ters of the thread to a cubit was [found to be] 1082,%,, of which the 
cube is 273,650,180,698,467 [603 216,000]. So then, if we multi- 
ply [this sum] by the [number of] tasstijs of [water contained within] 
the brazen cube, and divide the product by the third power of [the 
number of diameters of the thread held within the length of an inner 
side of] this cube, the quotient is the [weight in] tassijs of a [cubic] cubit 
of water, namely, 686,535 and about 4 and 1 more. If we divide this 
weight by 24, the result is in mithkAls, of which there are 28,605, with 
a remainder of 15 tasshjs and 4. and 4. That is the weight of a cubic 
cubit of water. The fractions in this sum are consdlidaied [by multiply- 
ing it] into 360; which gives [the weight oo three hundred and sixty 
cubits cube [of water], amounting, in mithkals, to 10,298,033. 

This is what we wished to explain.?? 
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Knowledge of Numbers for the Weights of the measured Cubit of all 
Metals. 


The principle last considered having been made out, we turn to an- 
other, which is a difference [in weight] between heavy bodies of like 
masses, but differing in kind, by virtue of relations subsisting between 
metals in respect to volumes. We have already stated, in the first chap- 
ter of this lecture, that whatever may be the relation between heavy 
bodies alike [in volume], as to [absolute] weight, is known from their 
water-equivalents; and that the relation of the weight of the less water- 
equivalent to the weight of the greater water-equivalent is as the relation 
of the weight of that body of which the greater quantity of water is the 
equivalent to the weight of that body of which the less quantity of water 
is the equivalent. Consequently there must be an inverse relation be- 
tween the Soggreers | weights of heavy bodies and the dimensions in 
length, breadth, and height, of those water-equivalents put down. 

ow for a second principle. Since the weight of a volume of water 
equivalent to the cube of the measured cubit is 28,605 mithkals, together 
with 15 tasstijs and 4 and 4, and since 182 mithk4ls make a mann (one 
mann being computed at 260 dirhams), [a cube of ] the measured cubit of 
water weighs 157 manns, 6 ‘istars and 4 and and 4. It is also known 
that the weight of the [cube of the] measured cubit of any metal what- 
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ever is to the weight of its equivalent of water as 2400 tassijs of that 
metal to the [weight in] tassijs of its water-equivalent, put down oppo- 
site to it in the table [above given]. The first of these proportionals 
being unknown, if the second is multiplied into the third—I mean, the 
weight of a volume of water equivalent to [the cube of] one cubit, which 
is, in tasshjs, 686,535, being multiplied by 2400—and if this [product-] 
number is divided by the [weight of the] water-equivalent of each of 
those metals, the quotient is the weight in tassijs of a [cubic] cubit of 
that metal. 

It will do no harm to put down, opposite to each metal, the weight 
of [a cube of] the measured cubit thereof, in mithk4ls, tassfijs, and 
fractions of tassijs, and the number of manns and ‘istaérs which that 
amounts to, in a table, as follows : 


Numbers for the Weights of the measured Cubit of all Metals,2% 
Names of Metals.| Mithkdls. | Tassdjs. | Fractions.) Manns. | ‘Istérs. | Fractions. 


Gold. 544,869 | 11 | 4 2993 | 31 | $42 
Mercury. 387,873 4 2131 6 4+4 
Lead. 323,837 4 1779 14 
Silver. 294,650 4+4 | 1618 | 38 | 4 
Copper. 247,846 i 1361 | 31 | $+% 
Brass. 245,191 1347 8 | i 

Tron. 221,463 4 1216 33 4 
Tin. 209,309 1150 2 4 
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This exhausts all the more interesting matter which admits of 
being extracted from the work now under analysis. In the sec- 
tion following the last translated, our author sets himself to calcu- 
late the quantity of gold which would compose a sphere equal to 
the globe of the earth. He prescribes to himself this task almost 
as a matter of religious obligation, in order to find the ransom 
which, according to the Kuran, the infidels would offer to God 
in vain for the pardon of their sins; for he begins with citing 
the eighty-fifth verse of the third chapter of the Kuran, which 
reads: “truly there will not be accepted as ransom from those 
who were infidels and died infidels as much gold as would fill 
the earth ; for them there are severe pains; they shall have no 
defender.” We will not follow the author in his laborious calcu- 
lations, but will content ourselves with merely noting some of 
his results. He says that the cubit of the bazaar at Baghdad is 
twenty-four fingers long, each finger being of the thickness of 
six grains of barley placed side by side. The mile contains four 
thousand cubits, and three miles make a farsang. The circum- 
ference of the earth is 20,400 miles, and its diameter is 6493147 
miles. Finally, the number of mithkéls of gold capable of fill- 
ing the volume of the globe is, according to him: 


36,124,613, 111,228,181,021,713,101,810. 


For the purpose of comparing these numbers with ours, I will 
observe that the radius of a sphere equal in volume to the 
spheroid of the earth is 6,370,284 metres; this would give us 
one mile = 1962.048 m., and one cubit = 490.512 millimetres : 
that is to say, if these measures admitted of a rigorous compari- 
son; but Laplace has very justly observed* that the errors of 
which the geodetical operations of the Arabs were susceptible 
do not allow us to determine the length of the measure which 
they made use of, for this advantage can only be the result of 
the precision of modern operations. I have endeavored to meas- 
ure the thickness of six grains of barley placed side by side, and 
in sixty trials I have obtained as maximum thickness 17.3 mm., 
as minimum 13 mm., the average of the sixty determinations 
being 15.31 mm.; which would give us for the length of the cubit 
367.44 mm., a result evidently inexact, by reason of the want of 
delicacy of the standard by which the valuation was made. We 
shall return to this subject later, and shall attempt to find a more 
probable result, such as will show which of the two values is 
nearer the truth. 

In the fifth and last chapter of our author’s third lecture, he 
takes up the problem of the chess-board, of which he supposes 
the squares to be filled with dirhams, each square containing 
twice the number in the preceding. He begins with finding the 





* Exposition du Systéme du Monde, p. 895, 6me édition, 1835. 
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total number of dirhams to be 18,446,744,073,709,551,615, ex- 
pressed by him in abwad signs thus; L>oo,;or;> rbyol,lo, 
Then he applies himself to find the dimensions of the treasury 
in which this treasure should be deposited, and finally cites the 
verses of the poet ’Ansari, chief of the poets of the Sultén Mah- 
mid of Ghaznah, which fix the time in which one might spend 
this sum at 200,000,000,000,000,000 years. The verses are as 
follows : 

Sas egal 542 Slew 1 Um ooh + SH EST We, SLw 4139 lols 

Slow 1 erslu y erslo IP sin, - 50) IP Ooo Sle » vba NP dhw 

“QO king! live a thousand years in power; after that, flourish 
a domuat years in pleasure: be each year a thousand months, 
and each month a hundred thousand days, each day a thousand 
hours, and each hour a thousand years.’ 

Before giving a succinct description of the physical instru- 
ments described and mentioned in the Book of the Balance of 
Wisdom, I think it weli to pause and review the results arrived 
at by the Arab physicists, and recorded by our author in the 
first part of his work. I will begin by attempting to give a 
little more precision than has been done hitherto to the units of 
measure, as the cubit and the mithkal. 

We have seen that the cubic cubit of water weighed by ‘Abu-r- 
Raihan at Ghaznah weighed 28,605.647 mithkals. The eleva- 
tion of Ghaznah, according to Vigne, is 7000 English feet, or 
about 2134 metres, which would correspond to a medium baro- 
metric pressure of 582 millimetres. The temperature of the 
water made use of by ‘Abu-r-Raihan in this experiment is not 
known to us; but not only have we seen our author state in the 
clearest manner that he was aware that temperature had an in- 
fluence upon the density of liquids; we may also see, upon com- 
paring the specific gravities of liquids obtained by the Arabs 
with those obtained by modern physicists, that their difference 
between the density of cold and of hot water was .041667, 
while, according to the experiments of Hillstrém (see Dove's 
Repert. d. Physik, i. 144-145), the difference between the densi- 
ties of water at 3°.9 and at 100° (Centigrade) is .04044. Wecan 
assume, then, with great probability, that a physicist so experi- 
enced as ‘Abu-r-Raihén would not have taken water at its maxi- 
mum summer-heat, but that he would have made his experiments 
either in the autumn, as our author advises, or in the spring. 
The temperature of the rivers in those regions in autumn has 
not, to my knowledge, been directly determined by ‘any one, but 
the temperature of the Indus, at 24° N. lat., in February, 1838, 
was measured by Sir A. Burnes (see Burnes’ Cabool, p. 307), and 
was found to be, onan average, 64°2 Fahrenheit, which is 








> 





metre and the cubit. 


According to the Kamfis, the mithkél is 13 dirhams, the 
dirham 6 daniks, the danik 2 kirats, the kirat 2 tassiijs; our 
author, however, makes use of a much less complicated mithkél, 
which is composed of 24 tassiijs; if, then, these tassiijs are the 
same as those of the Kamis, his mithkél is equivalent to the 
I shall not follow the methods pointed 
out by Oriental authors for determining the weight of the mith- 
kal, for they are all founded upon the weight of different grains, 
no notice whatever being taken of the hygrometric condition of 
such grains; but I shall pursue an independent method. I 
would remark, in advance, that almost nowhere, not even at 
Baghdad, has the Arab dominion of the first times of the Khalifs 
left so profound traces as in the Caucasus, where, as in Daghistén, 
for instance, while no one speaks Arabic, correspondence is car- 
ried on exclusively in that language. 
order of the Government, and conjointly with M. Moritz, Di- 
rector of the meteorological observatory at Tiflis, a comparison 
of the weights and measures used in the different provinces of 
Transcaucasia, and have found the value of the mithkal in 


dirham of the latter. 


grammes to be as follows: 


In the district of Kutais, 
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Average of nineteen values, 
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4.776 
4.227 
4.226 
4.590 
4.499 
4.305 
4.704 
4.572 
4.621 
4.175 
4.660 
4.610 
4.496 
4.272 


“ (another), 4.426 
Khajmasi, 4.869 
4.660 


4.538 
4.792 
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grammes. 
“ 


“ 
“ 


4.527 grammes. 


equivalent to 17°.89, Centigrade; and we may, as it seems to me, 
with sufficient probability, admit that the water used by /Abu-r- 
Raihan was of a temperature about 62° Fahrenheit, and that its 
density, according to Hallstrém, was .999019, considered in refer- 
ence to water at the zero Centigrade, and .998901, considered in 
reference to water at its maximum density. Now we know that 
a cubic metre of distilled water, at 4° C., weighed at Paris in a 
vacuum, weighs 1,000,000 grammes; if, then, we know the value 
of the mithkal in grammes, we shall be able to compare the 
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Georgia. 


“ Muslim” 
Provinces. 





j 
Daghistan. 





81 


















































82 N. Khanikoff 


Hence it is seen that the particular values vary in either direc- 
tion from this average, to as much as +0.342 gr. and — 0.852 gr., 
and I accordingly believe that the value of the mithkal may be 
taken at 4.5 gr. without fear of any considerable error. 

Accepting, then, 44 grammes as the equivalent of a mithkél, 
we shall find that the weight of a cubit cube, 28,605.647 mith- 
kdls, is 128,725.41 grammes. In order to compare with this 
the weight of a cubic metre of water, it will be necessary to 
reduce the latter to the conditions of Ghaznah with respect to 
temperature, atmospheric pressure, and intensity of the force of 
gravity. Calling m? the weight of the cubic metre of water, and 
considering only the temperature of the water of ‘Abu-r-Raihan, 
we shall find m*= 998,901 gr., which would be the weight of a 
cubic metre of water in Paris at 16°.67 C. ina vacuum. Now, 
according to the experiments of M. Regnault, a litre of dry air in 
Paris, at zero of temperature, and under a barometric pressure of 
760 mm., weighs 1.298187 gr.; a metre, then, will weigh, under 
the same conditions, 1293.187 gr. The intensity of gravity at 
Paris, g, is 9.80895 m.; and at Ghaznah, g’, 9.78951 m.; then d’, the 
weight of a cubic metre of dry air at Ghaznah, will equal 931.241 
- As we have no means of ascertaining the ——— con- 

ition of the atmosphere during the experiment of ‘Abu-r-Raihan, 
we are compelled to treat it as if perfectly dry: by deducting, 
then, d’ from m?, we shall render this latter number in all respects 


comparable with o*, and we shall have “;=0.1291, and = 


= 0.505408: c, then, equals 505.408 mm., a value which dif- 
fers from that which we obtained by comparing the Arab meas- 
urement of a degree with our own, by 14.896 mm., that is to 
say, by about the average thickness of six grains of barley laid 
side by side; and I think we may assume, without danger of too 
great an error, c=500 mm. Notwithstanding the hypotheses 
which I have been compelled to introduce into this calculation 
in order to render it practicable, the result obtained by it seems 
to me preferable to that derived from a ogee of the dimen- 
sions of the earth, for here we can at least form an approximate 
idea of the amount of possible error, while in the ollae case we 
are deprived of all power of applying a test, by our ignorance 
respecting the degree of precision of the geodetic instruments of 
the Arabs.? 4 

This furnishes us the means of ascertaining the fineness of the 





* The accelerating force of gravity is here calculated by the formulas g’=g 

(1 — 0.002588 cos. 22) (1 2 , and r= 20,887,538 (1+4- 0.001644 cos. 22); where 
g’h’ 13000-+-11t 

i=84°, and z=7000 Eng. ft.; and by the formula d’=d ry Grocer , where 

t is the temperature in degrees of Centigrade. 
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silver wire by which ‘Abu-r-Raihin measured the side of his 
cube, for w= a or .000924c, or 462 mm. This ne plus ultra 


of the skill of the Arab jewellers will seem to us coarse enough, 
compared with the silver threads obtained by the ingenious pro- 
cess of Wollaston, of which the diameter is only .0008 mm., or 
sodo0 Of an English inch. But it should not be forgotten that 
it is not long since .006 mm. was regarded as the limit of the 
ductility of gold thread, and that accordingly, considering the 
imperfect mechanical means which the Arabs had at their dispo- 
sal, a metallic wire of a thickness less than half a millimetre 
was in fact something remarkable. 

On examining the determinations by the Arabs of specific 
gravities, we see that they had weighed, in all, fifty substances, 
of which nine were metals, ten precious stones, thirteen mate- 
rials of which models were made, and eighteen liquids. The 
smallness of the list ought not to surprise us, for most of the 
substances which figure in our modern lists of specific gravities 
were entirely unknown to the Arabs. What is much more sur- 
prising is the exactness of the results which they obtained; for 
the coarseness of their means of graduating their instruments, 
and the imperfection at that time of the art of glass-making, ren- 
dered incomparably more difficult then than now this kind of 
investigation, which, in spite of the immense progress of the 
mechanical arts, is still regarded as one of the most delicate 
operations in physical science. It is very remarkable that the 

uslim physicists, who had detected the influence of heat on 
the density of substances, did not notice its effect upon their vol- 
ume: at least, the dilatation of bodies by heat is nowhere men- 
tioned by our author; and this circumstance, together with their 
ignorance of the differences of atmospheric pressure, introduces 
a certain degree of vagueness into the values which they give 
for specific gravities. In comparing, as I have done in the fol- 
lowing table, our author’s valuation of specific gravities with that 
obtained by modern science, I shall regard the former as having 
reference to water at the freezing point, and under a pressure of 
760 mm., both as not knowing what else to do, and as supported 
by these two considerations: first, that we have already noticed 
the slight difference between the densities given by our author for 
cold and hot water, and that which is true of water at the freez- 
ing and boiling points;* secondly, that our author, according to 
his own statement, made the greater part of his determinations 
at Jurjéniyah, which, in my opinion, is no other than the modern 
Kuna-Urghenj, a city situated about four geographical miles from 
the point where the Oxus empties into the Sea of Aral, where 
he was able to raise the temperature of water to 100° C., and 





* See p. 80. 











84 N. Khanikoff, 


which consequently must be at the level of the sea. The mod- 
ern values of the specific gravities are given, for the most part, 
and when not otherwise noted, from Schubarth’s Sammlung 
physikalischer Tabellen (Berlin: 1849); a few are taken from 
the Annuaire du Bureau des Longitudes, Paris, for 1853 (marked 
“ Ann.”), from Schumacher’s Jahrbuch for 1840 (“S.”), from 
Brande’s Encyclopedia (‘‘Br.”), from Hiillstrém, as cited above 
(“H.”), and from Gmelin’s Chemistry (“G.”). The substances 
are arranged in the same order as they have been given in our 
author’s tables. 


Substances, Specific Gravities : 
ace, to ‘al-Khazini. acc. to modern authorities. 
Gold, 19.05 cast, 19.258-19.3 
Mercury, 13.56 13.557 
Lead, 13.32 11.389-11.445 
Silver, 10.30 a 
statuary, ° nn. 
Bronze, 8.82 { meat, 846 « 
Copper, 8.66 cast, £.667-8.726| BE 
Brass, 8.57 8.448-8.605 
Tron, 7.74 forged, 7.6-7.79 
Tin, 7.32 English cast, 7.291 
Celestial Hyacinth, 3.96 Oriental Sapphire, 4.83 
Red Hyacinth, 3.85 “ Ruby, 3.99; 4.28 Ann.,S, 
Ruby of Badakhshan, 3.58 
Emerald, 2.75 2.678-2.775 
Lapis Lazuli, 2.69 2.055; 2.9 Ann. 
Fine Pearl, 2.60 2.684 { ry any ms 
Cornelian, 2.56 2.62 
Coral, 2.56 atin 
xa § Onyx, 2. 2.817 

Onyx and Crystal, 2.50 | Mountain-crystal, 2.686-2.88 

’ English mirror-glass, 2.45 
Pharaoh’s Glass, a0 in 3.442 
Clay of Siminjan, 1.99 Clay, 1.068-2.63 
Pure Salt, 2.19 2.068-2.17 
Saline Earth, 1.11 
Sandarach, 71 1,05-1.09 
Amber, 85 1.065-1.085 
Enamel, 3.93 
Pitch, 1.04 white, 1.072 
Wax, 95 yellow, 965 
Ivory, 1.64 1.825-1.917 
Black Ebony, 1.13 ik Soe 1.18 

ell of Mactra podoli- 

Pearl-shell, 2.48 | on of His Canta ies. \ 2.647 
Bakkam-wood, .94 Brazil-wood, 1.031 
Willow-wood, 40 585 
Sweet Water, ik L 
Hot Water, .958 boiling, .9597 H. 
Ice, 965 .916-.9267 


Sea-water, 1.041 








* At 17°.5 C., according to M. Abich. 
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Substances. Specific Gravities : 
ace, to ‘al-Khazini. acc. to modern authorities. 

Water of Indian Melon, 1.016 
Salt Water, 1.134 saturated solution, 1.205 G. 
Water of Cucumber, 1.017 
Water of Common Melon, 1.030 
Wine-vinegar, 1.027 Vinegar, 1.013-1.080 Br. 
Wine, 1.022 various kinds, .992-1.038 
Oil of Sesame, 915 
Olive-oil, 920 .9176-.9192 
Cow’s Milk, 1.110 1.02-1.041 
Hen’s Egg, 1.035 1.09 
Honey, 1.466 1-450 
Blood of a Manin good health, 1.033 1.053 Br. 
Warm Human Urine, 1.018 t 1.011 
Cold . s 1.025 : 


This table shows us that the Arabs conceived much earlier 
than we the idea of drawing up tables of specific gravities, for 
the first European tables of this character are, according to 
Liber (Hist. Philos. des Progrés de la Physique, iv. 113-114), 
due to Brisson, who died in 1806. The first person in Europe 
to occupy himself with determining the specific gravity of liquids 
was Athanasius Kircher, who lived 1602-1680: he attempted 
to attain his purpose by means of the laws of the refraction of 
light. After him, the same subject drew the attention of Galileo, 
Mersennes, Riccioli, the Academicians of Florence, assembled as 
a learned body in 1657, and finally of the celebrated Boyle, born 
1627. The latter determined the specific gravity of mercury 
by two different methods: the first gave as its result 13344, or 
13.76, the other 133%, or 13.357; both are less exact than the 
value found by the Arab physicists of the twelfth century. 


I will conclude this analysis by a brief description of the dif- 
ferent kinds of balance mentioned in this work; I shall cite the 
text itself but rarely, and only when it contains something 
worthy of special notice. 

Our author first describes a balance which he calls Balance of 
Archimedes, and professes to quote the details respecting its use 
word for word from Menelaus: b> b> jo} bla! uke lis, 
without, however, giving the title of the latter’s work. 

In order to ascertain the relation between the weight of gold 
and that of silver, Archimedes took, according to our author, 
two pieces of the two metals which were of equal weight in air, 
then immersed the scales in water, and produced an equilibrium 
between them by means of the movable weight: the distance of 
this weight from the centre of the beam gave him the number 
required. ‘To find the quantity of gold and of silver contained 
in an alloy of these two metals, he determined the specific gray- 
ity of the alloy, by weighing it first in air and then in water, 
and compared these two weights with the specific gravities of 
gold and of silver. 
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This is the figure of the Balance of Archimedes given in my 
manuscript :?° 





Un paitiy’ psliae 8) no 
Figure of the Balance of Archimedes. 
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a, ON! Kas c. shite} b, saaill nas 
Bowl for Gold. Movable Weight. Bowl for Silver. 


Another balance described by our author is that of Mu- 
hammad Bin Zakariya of Rai. It is distinguished from that of 
Archimedes by the introduction of the needle, called by the 
Arabs (Luli, “the tongue,” and by the substitution of a movable 
suspended scale for the movable weight. The following is an 
exact copy of the figure representing it :? * 


WZ 

































c. KOU Keaall RES d, WAL 2, BOSS KE 
Bowl for Silver, fixed. Bowl for Gold, movable. 
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A note inserted in my manuscript between the two bowls, 
which I have copied and translated below, explains the mode of 
using this balance. 
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When the body in question is pure silver, the bowl containing it will 
be balanced at a, which is the extremity of the beam, and the place 
where the scale commences. When it is the purest gold, the bowl will 
come as near to the tongue as possible, at 6. When it is mixed, it will 
stop at h, between a and 6; and the relation of the gold in the body 
to what it contains of silver will be as the relation of the parts [of the 
scale] ah to the parts ahb. Let this, then, be kept in mind with regard 
to the matter. 


A third balance described by our author is that of ‘Abi- 
Hafs Umar Bin ‘Ibrahim ‘al-Khaiyami. I do not copy the figure 
of it, because it is in every respect similar to the balance of 
Archimedes, excepting the movable weight. Its application is 
very simple. A piece of gold is weighed in air, and then in 
water; the same thing is done with a piece of silver; and a 
piece of metal about which one is doubtful whether it is pure 
gold, or silver, or contains both metals at once, is also tried; 
and the comparison of specific gravities thus obtained serves to 
settle the question. 

Finally, in the fifth lecture, he gives a very minute description 
of the balance of wisdom, according to ‘Abti-Hatim ‘al-Muzaffar 
Bin 'Isma’il of ‘Isfazér. He begins by remarking that, the bal- 
ance being an instrument for precision, like astronomical instru- 
ments, such as the astrolabe and the zij ‘as-safi/ih,*7 its whole 
workmanship should be carefully attended to. He next de- 
scribes the beam, ¥»,~Ji, the front-piece, X22), the two cheeks, 
jae}, between which the tongue moves, and the tongue itself, 
cy}. As regards the beam, he advises that it be as long as 
it may, “ because length influences the sensibility of the instru- 
ment;” and indicates a length of four bazaar-cubits, or two 
metres, as sufficient. He gives to his beam the form of a paral- 
lelopiped, and marks upon its length a division into parts, two 
of which must be equivalent to its breadth. It must be of iron 
orbronze. The tongue has the form of a two-edged blade, one 
cubit in length; but he observes, as in regard to the beam, 
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that the longer it is the more sensitive will be the instrument. 
He directs to fasten it to the beam by two screws, after having 
carefully determined the centre of gravity of the beam, by 
placing it, experimentally, across the edge of a knife; and to 
fit it with nicety, so that the centre of gravity may be as little 
displaced as possible. We do not stop to give the description 
of the tongue and its frame, and limit ourselves to copying 
exactly the accompanying figure, which represents these parts 
of the balance :? * 


a, Xxas,2)} 
Front-piece. 


b. Vial 
Bending-place. 





After this, our author exhibits the general principles which 
concern the suspension of the beam of the balance. The passage 
deserves to be transcribed and literally translated, as is done 
below. 
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Szcrion Fourts. [Lect. 5, Chap. 2.] 


Scientific Principles of a General Nature, universally applicable, relative 
to Determination of the Axis, the Place of ‘Perforation [for it], and 
the Point of [its] Support [to the Beam]. 


The beam being columnar in shape, detached from the tongue, there 
are three varieties of axis: 1, the axis of equipoise, at the centre of gravity 
of the beam, exactly in the middle of it, and perpendicular to its length ; 
so that the beam readily gyrates in obedience to equiponderance [in its 
two equal arms], stopping, in its going round, wherever that [moving 
force] ceases to act, and not becoming, of itself, parallel with the horizon ; 
because a right line drawn from the centre of the world to its centre of 
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gravity cuts it into like halves wherever it stops; 2, the axis of reversion, 
between the centre of the world and the centre of gravity of the beam, so 
that, when the beam is put in motion, it turns, of itself, upside down, be- 
cause a right line drawn from the centre of the world [through the axis, 
when the centre of gravity is thrown out of that line] divides it into two 
parts differing one from the other, of which the one going downward pre- 
ponderates, and the beam is consequently reversed ; 3, the axis of [paral- 
lelism by] necessary consequence, above the centre of gravity of the beam, 
so that, when the beam is put in motion, a right line drawn from the 
centre of the world to its centre of suspension divides it into two parts 
differing one from the other, of which the one going upward exceeds 
in mass, and consequently preponderates and returns, and so the beam 
stops in a horizontal position; because, in this case, a right line [drawn 
from the centre of the world to the point of suspension] divides it 
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into two like halves, and parallelism with the horizon is a necessary 
eonsequence. 

Let abjd?° be a detached beam, let the line mm divide it into halves, 
lengthwise, and the line s’a halve it across, and let h, the point where 
the two lines meet, be the centre of gravity of the beam. When, there- 
fore, we set the beam on an axis [at that point], so that it obeys [the 
equal weights of its two arms], it stops wherever it is left to itself; 
because the right line s 4 &, drawn from &, the centre of the world, to h, 
the centre of gravity, divides the plane ajd into like halves, according 
to an explanation which it would take long to state. This equal divis- 
ion occurs, however the beam may incline. When we set [the beam 
on an axis at 7,] above h, away from the centre of gravity, then the line 
krs [drawn from the centre of the world to the point of suspension] 
divides the plane into two parts differing one from the other, of which 
the one going upward has the greater bulk, so that it preponderates 
and returns, and parallelism with the horizon is a necessary consequence. 
When we set the beam on an axis at h, below h, away from the centre 
of gravity, and the beam leans, then that part of it which goes down- 
ward preponderates; because the right line [drawn from the centre of 
the world to the point of suspension] divides abjd into two parts differ- 
ing one from the other, and the mass° going downward preponderates, 
so that the beam turns itself upside down. 

So much for the beam when detached from the tongue. 

In case of the combination of its own gravity with the gravity of the 
tongue, placed at right angles to it, in the middle of it, the common cen- 
tre of gravity differs from that of the detached beam, and must neces- 
sarily be another point ; and that other point corresponds to the centre 
of equipoise in the detached beam, so that, when the beam is set upon 
an axis [at that point], it stops wherever it is left to itself. 
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The tongue may be made fast above [the beam], in the direction of 
s, the point 7 becoming the common centre of gravity; and an axis at 
this point is the axis of equipoise. So that the axis of [parallelism by] 
necessary consequence is at any point fixed upon above /, because a 
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right line drawn to that [higher point, from the centre of the world] 
divides the plane [abjd] into two parts, of which the one going upward 
preponderates, so that it returns, and stops in a horizontal position ; 
and [an axis] at any point fixed upon below / is the axis of reversion, 
so that, when the beam inclines, that part of it which goes down- 
ward has the greater bulk, and consequently tips until it turns upside 
down. 

Should the tongue be made fast below the beam, in the direction 
of ’a, and so the common centre of gravity become the point s, then 
[an axis at this point] is the axis of equipoise, and, therefore, when 
the beam is put in motion, it stops wherever it is left to itself. But, 
when the axis is put above s, it becomes the axis of [parallelism by] 
necessary consequence, so that the part [of the beam] which goes upward 
returns, and stops in a horizontal position. When the axis is put below 
$, it becomes the axis of reversion. 

Inasmuch as there is change oe the adjustment of the balance] in 
several ways: 1, in respect to the beam’s being either detached or joined 
to the tongue—[the tongue] standing up or reversed [according as it is 
made fast above or below the beam]; 2, in respect to the [position of the] 

is [in each of the cases supposed with reference to the connection of 
.«e beam] either at, or above, or below, the centre of gravity; 3, in 
respect to the place on the beam of the means of suspension of the two 
bowls, either even with, or above, or below, the axis—twenty-seven 
incidents [constituting changes of adjustment] are made out, together 
with a result [as regards the action of the balance] dependent upon 
each particular adjustment, and we have drawn up for these incidents 
the following table: 
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Table of Variety of Incident pertaining to the Balance.?1 
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SIXY oq} oAoqu 

‘BIXY 04} UA uss 
SI doUlUg Oy} JO sTAOg 
jo suvayy oy} sv Surps0o 
ov “uoprouy jo Ajoue A 





OA} 04} JO UoISUO 





Necessary Parallelism} Reversion. Equipoise. 


Aytaeiyy jo 
e1jU9D 943 
38 





Reversion. 
Necessary 


Parallelism. 





Necessary Parallelism. 
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Necessary 


Parallelism. Equipoise. 
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Reversion. 
Reversion. Reversion. 
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Necessary Parallelism. Reversion. Equipoise. 
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m4 


Reversion. 
Necessary 


Parallelism. 





‘dn 3a 


Necessary Parallelism. 


eAoqgE. 


Necessary 


Parallelism,|=4™ Poise. 





Reversion. 
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Reversion. Reversion. 





] 


*ezjue, oY} 
Aojeq 
‘onSuoy, oy} YT poyoout0s uveg oy} 0} OANuTer UOT} BUTULIO}0(T 


Necessary 


Parallelism. Equipoise. 
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Necessary Parallelism. Reversion. Equipoise. 
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Reversion. 
Necessary 


Parallelism. 
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Necessary Parallelism. Necessary 


Parallelism. Equipoise. 





Reversion. 
Reversion. Reversion. 
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The author farther describes the bowls of the balance, five 
in number. He advises to make them of very thin plates of 
bronze, and to give to three of them the form of hemispheres, 
measuring thirty divisions of the scale of the beam in diameter. 
The bow! destined to be plunged into water was finished at the 
bottom with a cone, in order that it might more easily overcome 
the resistance of the fluid during the immersion. The remaining 
bowl was spherical in shape. I here give the passage describing 
this last bowl, remarking only that it will be found not to corre- 
ou altogether with the figure d in the representation of all 
the bowls together, presently to be introduced, although evi- 
dently referring to that one.*? 
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Then we take a fourth clepsydra, [turning] on an axis h, of which the 
diameter measures thirty divisions [of the scale of the beam], as does that 
of the two air-bowls; and we cut it on the two sides [of the axis], meas- 
uring five divisions [once and twice] in the direction of the axis, towards 
the centre of the bulge—of which cuts one is ¢n/ and the other hmk— 
leaving, between the axis h and the point , a distance of five divisions, 
and, between / and the point m, a distance of ten divisions, and calling 
t7 the inner side, and hk the outer side; so that the remainder [of the 
diameter of the clepsydra] between the two cuts measures fifteen divisions 
of the standard-measure. In the next place, we take a thin plate [of 
bronze], as large as the clepsydra, and mark upon it a circle opening with 
a certain spread, namely, of fifteen divisions of the standard-measure, and 
cut off from that [plate] all that is outside of that [marked circle]; after 
which we cut that [circle] into two unequal parts, bend each part, and 
weld it, separately, to one of the outer edges of the two sides; and we 
call this the winged bowl. 


Two of these bowls bore the name of “the aerial,” asteglt 
and were ,permanently attached to the beam. Another bowl, 
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hemispherical in shape, might be moved along the right arm of 
the beam ; it was called “the movable” bowl, Maul}. The spher- 
ical bow], also, was moved along the right arm. The bowl in- 
tended to be plunged into water was made fast underneath the 
aerial bowl of the left arm, and bore the name of “the aquatic” 
bowl, x34J}, As to the spherical bowl, its name, sufficiently 
explained by its form, just now described, and given to it in the 
extract, was “the winged” bowl, xsisut. Our author adds 
that it was indispensable to have at least one movable bowl, 
in order to balance the two which were used when the body 
weighed was plunged into the water. 

The following is a copy of our author’s drawing of these five 


bowls grouped together : 
Aa 
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First, Right-hand Bowl. od 
Fourth, Winged Bowl, cut on the 
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Third, Conical Bowl, called the Fifth Bowl, which is the Movable 
Judge. Bowl. 

















Having devoted a paragraph to describing the form which 
should be given to the rings of suspension for the bowls, all of 
which are shaped like m in the figure on the next page, the 
author at length presents a complete drawing of the balance of 
wisdom. This we here reproduce, with all the accompanying 
explanations :** 
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eel Ube rad xh oe 3) yo 
Figure of the Balance of Wisdom, called the Comprehensive. 
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Our author recapitulates, briefly, his description of the different 
parts of the balance of wisdom, and then proceeds to speak, in 
detail, of the mode of adjusting it. Nothing of what he says on 
this point deserves to be cited. I will only borrow from it the 
observation that the Arab physicists were accustomed to mark 
the specific gravities of different bodies, on the right arm of the 
beam, by points of silver enchased at different places along the 
scale, where the movable bowl was to be put in order to coun- 
terbalance the loss of weight of different metals and precious 
stones when plunged into water. This accounts for the term 
wl xeJ}, “round points,” applied to marks of specific gravity 
upon the beam of the balance; and similar usage in respect to 
all marks of weight upon the beam led to the more general ap- 
plication of this term. 

But, before proceeding to describe the application of this bal- 
ance to the examination of metals and precious stones, as to their 
purity—which will bring out all the workings of the instrument 
—I think it incumbent upon me to transcribe and translate the 
following passage, which is, without doubt, one of the most re- 
markable in the whole work : 
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Szortox Fiera. [Lect. 5, Chap. 4.] 


Instruction relative to the Application. 


Air-weight does not apparently vary, although there is actual varia- 
tion, owing to difference of atmospheres. 

As regards its water-weight, a body visibly changes, according to the 
difference between waters of [different] regions, wells, and resd#voirs, in 
respect to rarity and density, together with the incidental difference due to 
the variety of seasons and uses. So then, the water of some determined 
region and known city is selected, and we observe upon the water- 
weight of the body, noting exactly what it is, relatively to the weight of 
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one hundred mithk4ls; and we refer [all] operations to that [result, as 
a standard], and keep it in mind against the time when we are called 
upon to perform them, if the Supreme God so wills. 

In winter, one must operate with tepid, not very cold, water, on 
account of the inspissation and opposition to gravity of the latter, in 
consequence of which the water-weight of the body [weighed in it] 
comes out less than it is found to be in summer. This is the reason 
why the water-bowl settles down when the water has just the right 
degree of coldness, and is in slow motion, while, in case it is hot and 
moving quickly, or of a lower temperature, yet warmer than it should 
be, the bowl does not settle down as when the water is tepid. The 
temperature of water is plainly indicated, both in winter and summer ; 
let these particulars, therefore, be kept in mind. 

‘Abu-r-Raihan—to whom may God be merciful !—made his observa- 
tions on the water-weight of metals and precious stones in Jurjaniyah [a 
city] of Khuwarazm, early in autumn, and with waters of middling cold- 
ness, and set them down in his treatise already spoken of. 


This passage puts it beyond doubt that the Muslim natural 
philosophers of the twelfth century knew the air to have weight, 
though they were without the means of measuring it. The 
sentence italicized would lead one to believe that they had some 
means of measuring the temperature of water; and, not to resort 
to the supposition that they possessed any thermometrical in- 
strument, even of the sort used by Otto Guericke, which was 
a balance, I think that they simply used the areometer for that 
purpose; and that this instrument was the means of their 
recognizing that the density of water is greater exactly in the ratio 
of its increase in coldness. 

As a last citation of the words of the author whose work we 
have been analyzing, I shall transcribe and translate the passage 
in which he exhibits the application of the balance of wisdom to 


the examination of metals and precious stones, with regard to 
their purity. It is as follows: 











N. Khanikoff, 
els} 
G29S oS LS MAB ade STL} lily clpall elstal p LES US Sty 
cil Syl) Ree on Sey cldall Galld let, ay Jett 3 
C92 Baap Noga aighey aPluitly bali ope erty wily ge yy 9h 


wt 
o 
. 


AS 5 od SUS Really encealeadl shined Rar LS, acl Ley wake 
cspial (i> Slasally Kiley Jrery laa Fo, ye be xlilt 
cpr SoS LSet WISI Loly cho dell gLscedt LW 1S 1 asad 


Ble olire 2 LagasS pe Le tlie! LES, py Poel cy oll of opt Pom 
Sart 65 LAST 3 una! 
3.31 Maslt 
Bal So de i po, Ue Cho dell op Dol, Dol, ylstd 3 
olga rads 
A S reall gs Weal, Lact 9s 905 Oy by US bist S31 
Beem cpr Mel aepunty 24d Voge FE KysLll RAL MI aloha, J cial gll 
Cuapter Fourrs. [Lect. 6.] 


Application of the Comprehensive Balance. 


Having finished experimenting with the balance, and fixing upon it 
the [points indicating] specific gravities, it only remains for us to go 
into the application of it, and the trial of a [supposed] pure metal or 
precious stone, by means of the two movable bowls [that called “the 
movable” and “the winged”], reference being had to specific gravity, 
with the least trouble and in the shortest time, by way of distinguishing 
[such metal.or precious stone] from one which is alloyed, or from imita- 
tions, or from its like in color—the substance being either simple or 
binary, not trinal, nor yet more complex. 

We adjust the two air-bowls of the balance, put the water-bowl into 
the water, and then set the movable bow! at the ‘mary indicating the] 
specific gravity of the given substance, and equilibrate by means of the 
pomegranate-counterpoise and the scale, until the tongue of the balance 
stands erect. Thus we proceed when the trial respects simple sub- 
stances. When the trial is in reference to a mixture of two substan- 
ces, or a fancy-likeness in color, we set the two movable bowls at the 
ts points indicating the] specific -gravities of the two substances, and 

ring the balance to an equilibrium, with the utmost precision possible, 
and make the trial. 
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Sxcrion First. 


Trial of Single Simple Substances, after placing the Movable Bowl at 
the [Point indicating the} Specific Gravity of the Metal [or Precious 
Stone], and after the Poising of the Balance. 


When that is the trial which we wish to make, we weigh the substance— 
it being on the left, and the mithkals on the right, in the two air-bowls; 
then we let it down into the water-bowl, until it is submerged, and the 
water reaches all sides and penetrates all parts of it. If there happens 
to be a perforation or a hollow place in it, that must be filled with 
water; and the weigher endeavors to have it so, taking all possible care 
that the water reaches all its parts, in order that there may remain in it 
no hollow place, nor perforation, containing air, which the water does 
not penetrate, because a void place in the substance has the same effect 
as if it were mingled with something lighter than itself. After this 
we transfer the mithkals from the extreme bowl [on the right] to 
the movable bowl, placed at the [point indicating the] specific gravity 
of the substance; whereupon, if the balance is poised, and stands even, 
not inclining any way, the substance is what it is [supposed to be], pure, 
whether a metal or a precious stone. Should the balance lean any way, 
the substance is not what it is [supposed to be], if a precious stone; 
and, as to the case of a metal, it is not purely that, but only something 
like it, different from it. If the rising [of the beam] is on the side 
of the mithk4ls, the substance [being a metal] is mixed with some 
body heavier than itself; if on the side of the substance, then with 
some lighter body. 

On the other hand, since the substance may not be an imitation, but 
may have been tampered with, and expressly made hollow, blown with 
air, fissured, or the hike, trickishly, let that be looked out for, and made 
manifest, with regard to metals, by striking them. 
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the way to be considerate is to watch [the balance]. If, now, one of the 
two sides [of the beam] goes up, and if, upon the transfer of gravity to 
the other movable bowl, this side still goes up, the tampering which we 
have spoken of is made certain. If one of the two sides goes up, and 
then, when there has been a transfer [of gravity], the other side goes 
up, the body is compounded of the two substances. 

The distribution [of weight] must be made agreeably to instructions ; 
and one must beware of being deceived in the second case concernin 
it, for example, in the case of a compound of gold and silver louppast 
but not proved by IU dy and, considering that there may be 
some hollow place within, which opposes [the discovery in it of] gold, 
and makes it [sppes as if] of the lightness of silver, one should remove 
its weight to the bowl [adjusted] for silver; whereupon, by reason of a 
hollow place, one’s conclusion may be changed. 


It is evident from this passage that the Muslim natural philo- 
sophers of the twelfth century had so elaborated the balance as 
to make it indicate, not only the absolute and the specific gravity 
of bodies, but also, for bodies made up of two simple substances, 
a quantity dependent on the absolute and the specific gravity, 
which may be expressed by the formula 

1 1 


- a@ 8.gr. 
c= W 1 = ’ 
ad" 
where W is the absolute weight of the body examined, s. gr. its 
specific gravity, d', d’ the densities of its two supposed compo- 
nents, and x the absolute weight of the latter component.** In 
order to accomplish that object, however, they were led to make 
their balance of enormous dimensions, such as rendered it very 
inconvenient for general researches. 
I will bring this analysis to a close by a concise exposition of 
the manner in which the Muslim natural philosophers applied the 
balance to levelling and to the measuring of time. 











Book of the Balance of Wisdom. 105 


The balance-level consisted of a long lever, to the two ends of 
which were attached two fine silken cords, turning on an axis 
fixed at a point a little above its centre of gravity, and suspended 
between two sight-pieces of wood, .+=<J!, graduated. At the 
moment when the lever became horizontal, the cords were drawn 
in a horizontai direction, without deranging its equilibrum, and 
the divisions of the scales of the sight-pieces, corresponding to 
the points where the cords touched them, were noted. For lev- 
elling plane surfaces, use was made of a pyramid with an equi- 
lateral, triangular base, and hollow and open to the light, from 
the summit of which hung a thread ending with a heavy point. 
The base of the pyramid thus arranged was applied to the plane 
which was to be levelled, and carried over this plane in all 
directions. Wherever the plane ceased to be horizontal, the 
point deviated from the centre of the base. 

The balance-clock consisted of a long lever suspended similarly 
to the balance-level. To one of its arms was attached a reservoir 
of water, which, by means of a small hole perforated on the 
bottom of it, emptied itself in twenty-four hours. This reservoir, 
being filled with water, was poised by weights attached to the 
other arm of the lever, and, in proportion as the water flowed 
from it, the arm bearing it was lifted, the weights on the other 
arm slid down, and by their distance from the centre of sus- 
pension indicated the time which had elapsed. 


Recapitulating, now, briefly, the results brought out in this 
analysis, we see: 

1. That the Muslim natural philosophers of the twelfth century 
were much in advance of the ancients as regards their ideas of 
attraction. It is true, they ventured not to consider this attrac- 
tion as a universal force; they attributed to it a direction towards 
the centre of the earth, as the centre of the universe; and they 
excluded the heavenly bodies from its influence.** Yet they 
knew that it acts in a ratio of distance from the centre of attrac- 
tion. As to their strange supposition that the action of this 
force is in the direct ratio of the distance, having gone so far as 
they had in physics, they must very soon have discovered that 
it was not in accordance with nature. 

2. That they had sufficiently correct ideas respecting certain 
mechanical principles; that they knew the equation which con- 
nects velocity with space traversed and time employed in going 
over it; that they were in possession of several theorems relative 
to centres of gravity ; and that the theory of the loaded lever was 
very familiar to them. 

3. That, without yet daring to reject the ideas which had been 
handed down to them by antiquity as to heaviness and lightness, 
VOL. VI. 4 
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they already recognized that the air has weight, by the influence 
which it exerts upon the weight of bodies. 

4. That they en the action of a capillary force holding 
liquids in suspension within tubes of small diameters, open at 
both ends. 

5. That they made frequent use of the areometer, which they 
had inherited from antiquity, and that this instrument, very 
probably, served them for a thermometer, to distinguish, by 
difference of density, the different temperatures of liquids. 

6. That they already had sufficiently full and accurate tables 
of the specific gravities of most of the solids and liquids known 
to them. 

7. That they had attained, as Baron v. Humboldt very cor- 
rectly remarks, to experimentation ; that they recognized even 
in a force so general as gravity, acting upon all the molecules of 
bodies, a power of revealiag to us the hidden qualities of those 
bodies, as effective as chemical analysis, and that weight is a key 
to very many secrets of nature; that they formed learned asso- 
ciations, like the Florentine Academy; and that the researches 
of the students of nature in Khuwarazm, of the twelfth century, 
well deserve to be searched for and published. 

Here an inquiry very naturally suggests itself. It is generally 
known that, at the time when the taste for arts and sciences 
awoke to so brilliant a life in Europe, the Arabs powerfully 
influenced the development of several of the sciences. How 
comes it, then, that their progress in physics can have remained 
so completely unknown to the learned of Europe? The answer 
seems to me perfectly simple. The immense extent of the Kha- 
lifate was a cause which produced and perpetuated the separation 
and isolation of the interests of the various heterogeneous parts 
which composed it. A philosopher of Maghrib would doubtless 
understand the writings of a philosopher of Ghaznah; but how 
should he know that such a person existed? The journeys so 
often undertaken by the Arabs were insufficient to establish a 
free interchange of ideas; even the pilgrimage to Makkah, which 
brought together every year representatives of all the nations 
subject, whether willingly or unwillingly, to the law of the Mus- 
lim a failed, by reason of its exclusive character, to modify 
in any degree that separation of moral interests which kept the 
different Muslim countries apart from one another. Moreover, 
the crusades had an effect to intercept communication between 
the Muslim East and West. At length, the Mongol and Turkish 
invasions split the Muslim world into two parts wholly estranged 
from one another, and, so to speak, shut up the scientific treasures 
of each part within the countries where they were produced. If, 
now, we reflect that the era of the renaissance in Europe pre- 
cisely coincides with that same invasion of the Turks, we shall 
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clearly see why Europe could scarcely at all profit by the 
scientific monuments of the East of the Khalifate, and why the 
scientific experience of true Orientals has been almost entirely 
withdrawn from its notice. 

Let me be allowed, in conclusion, to add a single observation, 
which is, that it is an error to attribute to Arab genius all the 
great results that the East has attained in the sciences. This 
error rests upon the fact that most of the scientific treatises of 
Orientals are written in the Arabic language. But would lan- 
guage alone authorize us to give the name of Roman to Coper- 
nicus, Kepler, and Newton, to the prejudice of the glory of those 
nations which gave them birth? Should, then, ‘al-Hamadani, 
‘al-Firuzabadi, ‘al Khaiyami, and many others, figure in the his- 
tory of science as Arabs, only because they enriched the litera- 
ture of this people with the Makémat, the Kami, expositions 
of the Kurén, physical researches, and algebraic treatises? It 
would be more just, as it seems to me, to restore these to the 
Iranian race, and to suppress the injuriously restrictive name of 
Arab civilization, substituting for it that of the contribution of 
the Orient to the civilization of humanity. 


Nihmat-Abed, 7° 9% | i956. 
9 Nov. 
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Besides re-translating the Arabic extracts in the foregoing article, 
and making other changes which are specified in the following notes, 
we have freely altered whatever seemed to us to admit of improvement, 
being desirous to do full justice to so valuable a communication, accord- 
ing to our best judgment and that of scientific friends who have aided 
us, and fully believing that our correspondent, if we could have con- 
sulted him, would have approved of every alteration which we have 
made. Comm. or Pus. 
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Committee of Publication, 


1. 6, # ms. (woilbled; 1. 8, 4%, ms. eye; 1.18, K, ms. cyl, 
U, ms. cyl. 

1. 6, am, ms. 53; 1.14, 2, ms. 53) do SI , and so wherever else the 
name occurs. 

1.1, o, ms, gnsoge; 1.4, p, ms. oe; 1.11, @, cps} omitted in ms. 
1. 13, 7, ms. GLail, 

1. 2, 8, ms. aca; 1.7, @ ms, are, 

1. 6, w, ms. Xeg-bJl,; 1.8, %, ms. (syall—see note 8, p. 111. 
1. 3, a0, Giga! Xue> omitted in ms. 

1. 11, a, ms. (porta, 
1. 2, y, ty! Xx2,! omitted in ms.; 1.12, 2, | omitted in ms. and 
so wherever else this numeral appears in the table of contents. 

L. 3, a?, ms, So}; 1. 9, b2, ms. goes; 1. 11, €?, ms. coogi, 
1. 5, @?, ms, X4iL.3— This correction is required by the stetement 
of the contents of the second and third parts of the work given 
on page 17; 1. 11, e?, ms. Xu.>—see preceding note. The num- 
bering of the chapters of this lecture has been altered in accord- 
ance with the corrections of the text here made. f 
1.10, £2, ms. ¢-y go> for -y922,'y Rem, G7, MS. -y pray tle 
— A collation of the whole ms. from which our extracts are made 
is necessary to verify this statement. Some of the numerals indi- 
cating the numbers of sections are obscurely written in the ms. 
which we have in our hands; and, though our correspondent’s 
analysis has given us certainty in some of the doubtful cases, it 
still remains uncertain whether the number of sections in chh. 1 
and 8 of lect. 4, chh. 4 and 10 of lect. 6, and ch. 4 of lect. 7 is 
z i.e, 3, as stated, or ¢ i.e. 8. We have also doubted whether 
to read 3 i.e. 7, or O i.e. 4, for the number of sections in ch. 5 
of lect. 8; and what value to assign to a character, repeatedly 
used, which resembles the letter ¢. In our ms. of the table given 
on pages 73, 74, the same character is used for 0, but of course 
this is not its value in the table of contents. From its similarity 
to the Indian numeral for 4, and because in one instance the letter 
seems to be added to explain it, we have assigned to it that 
value. On the grounds assumed, the total number of sections 
comes out larger, by twenty-one, than the statement of our ms. 

1. 6, A, ms. csigti —see note 8, p-111; 1.7, 4%, ms. espa — 
see note 8, p.111; 1. 9,42, J,S! omitted in ms. 
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1, 6, &?, ms, Molar; 110, 22, ms. pr. 

1, 8, m?, ms. 35, 

1.10, 27, ms. paced, 

1. 2, 07, ms. Ligelacl, 

1. 4, p?, ms, 40> Y, a fragment of a sentence, which we have com- 
pleted as in the text: aa Ah Y AigS At sims ols 
in accordance with the French translation of our correspondent. 

1. 2, q?, ms, plix; 1. 3, 22, ms, abst, 

1. 6, 82, ms, X43}, €2, ms. sL{}; 1. 7, 22, ms, HGS!, ©2, ms, heer 
1, 8, #02, ms, X33}; 1.9, w?, ms. S53, y?, ms, »; 1.10, #2, ms. 
KSI, 

1.12, a3, ms. =", 

1.9, B?, ms. ili, 

1. 8, €3, ms, Xan}; 1. 4, @3, ms. trcl5, 

19, e%, sls} NS St yall ores! LS supplied to complete 
the sense. 

1, 2, £3, ms, yin; 1. 6, g?, ms. wd} — by an oversight of the 
copyist, Xk} and xanadd in this sentence were transposed ; |. 7, 
h®, ms. X55; 1.12, 43, ms. WOT; 1.15, 93, col Hb 39 3) 
slosh ous St Las \, supplied to complete the sense; 1. 16, 
k?, ms. +5, 

1, 4, 13, ms. isto Umdedd Sot OLN cretiy lel wlgie Ob _ 
1. 16, m%, ms. x55b, 

1. 4, m3, ms. se, 03, ms. Yo), 3, ms. Kl, J ASI ot, @3, 
ms. 3! ily, 

1, 7, a%, ms. MS, 


1, 2, $3, ms. crastyalt; 1. 7, €3, ms. dl ; 1. 9, > pst 


supplied to make out the sense. 

1. 12, 2¢%, ms. el cm, 

1. 3, ©3, ms. % su; 1. 12, ap, ms. GoSuS; 1.17, 23, ms, CUS, 
L 1, gy, (Sts! Jnasl} omitted in ms. 

7, £3, ms. cas}; 1.10, a4, ms. (ov 3; 1.13, b4, ms, List, 
1, 5, ef, ms. bi Sy; 1. 8, @#, ms, Ii, €4, ms. 1,9; Lo, £4, 
ms. £159, 

L 4, g*, ms, ross, 
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1. 2, A*, ms. Leake, ; 1. 3, #4, ms, Ligand; 1. 6, g#, ms. ya; 1.8, 
k+, ms. loud ; 

1. 1, I, before hates Lt ms. has cL} (wliie 3 ile aes} 
9% LOS Yoydt sds jrtay. But the second division of the book 
commences with the fifth lecture—see p.17; am ... (lade & 
is evidently a blundering anticipation of the title of this fourth 
chapter of the third lecture. 

], 1, m4, ms, rc ; 1. 4, m4, ms. %5L3; 1 6, o4, \»,424 substi- 
tuted for a word illegible in ms.; 1. 7, p*, ms. Faivil; 1.12, 94, 
Ms. Ewe» ; 1. 13, 4, ms. Be mee, s+, ms. slye, 

1.1, #4, ms, oN tt; 1.13, ef, (nryle omitted in ms.; 1. 14, @4, for 
Umiay Kiyo tale stile Kiwy ms. has Lil sa pinty Xniledy 
Wirciy; 1. 15, aot, ms, tle, a4, ms. ps. : 

L. 1, y*, ms, Sli; 24, ms, justin; a5, ms, ale; 1. 3, B5, ms, 
iviooM; 14, 5, ms, 63; 16, @5, ms, lin, 

1, 33, €5, ms. cy he, 

1.5, 75, ms, aa, 

1. 6, 9°, ms. ple}; 1.7, 5, ms. Shell, 

1. 9, #5, ms. pe %4344.3 — This correction is required by the mul- 
tiplication together of the numbers of the incidents combined. 
The enumeration just made involves nine specifications relative to 
the position of the axis, covering the two cases of separation and 
connection between the tongue and beam, and also the two cases 
supposed with regard to the position of the tongue when joined to 
the beam ; and this number nine is multiplied by the number of 
the specifications respecting the position of the line of suspension 
of the bowls. 

35, ms. X85; BS, ms, (sgime; U5, ms, Wolke, 

1, 15, m5, ms. 53,4}; 1, 18, 205, ms, lak, 

1, 29, o5, ms. Rolgett, 

1. 5, p®, US omitted in ms.; 1. 6, 4, so, conjectural for an 
abbreviation of the ms. 

1. 3, 775, ms. (-)) A; 1. 7, 95, ms. pid; £5, ms. jlazlf 4S, 

1, 4, #5, ms, lego 3}, #5, ms. Pres; 1.5, 205, for 3S dS cred 
ms. has (gre) 3} 59 8}; 1.12, 5, ms. segiw, 


N. B. Some necessary changes of diacritical points are not here no- 
ticed. The original ms., it will be remembered, is without these points. 
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Il. Notes on TRANSLATION AND ANALYsIS. 
Referred to by Numerals, 


1, p. 20. The length of the cubit, ¢/ I}, was somewhat variable. 
We read (1.) of XI ¢ y, the hand-dhira’, of the Spanish Arabs, meas- « 
uring five wlxa.5, fists, each kabdhah of four gle! fingers; (2.) 
of the dhiré’ called %. Ls J}—cubitus a situlé cujus magnitudinem 
aequat ita dictus, as Casiri says—used in Spain, which measured six 
kabdhahs; (3.) of Mole)! Xd! ¢! 3, the exact-hand dhir’’, used in 
the East, having the same length as the last named; (4.) of gl du} 
sld_uuJ}, the black dhir&’, so called because, as is said, its length was 
determined by that of the arm of a slave of ‘al-Mamin, measuring six 
fists and three fingers, and- by which were sold the byssus and other 
valuable stuffs of the bazaars of Baghdad ; and (5.) of the dhira’ called 
Kamil} or XXL}, of Persian origin, measuring one and a third of 
No. (3.), that is, eight fists. Our author elsewhere speaks definitely of 
dul go, by which he probably intends oles} WS gio, and of 
the dhiré’ of clothing-bazaars. What he calls the dhira’, without 
qualification, is probably to be understood as No. (5.). See Casiri’s Bibl. 
Arabico-Hisp., i. 365, ff.; and Fefganensis . . . Elem. Astron. op. J. Golii, 
pp. 73, 74. 


2, p. 24. This term is explained by the figure of the le, given on 
page 97. 


° 

3, p. 25. Having satisfied ourselves that M. Khanikoff’s conjecture as 
to the authorship of the work before us is incorrect, we propose simply 
to give the substance of it in this note, in connection with what seems 
to us to be the true view. But we will first bring together a few notices 
of learned men whom our author speaks of as his predecessors in the 
same field of research, who are not particularly referred to in M. Khani- 
koff’s note on pages 24, 25. 

Sand Bin ’Ali is characterized by an Arab author quoted by Casiri, 
in Bibl. Arabico-Hisp., i. 439, 440, as follows: “An excellent astrono- 
mer, conversant with the theory of the motion of the stars, and skilled 
in making instruments for observations and the astrolabe. He entered 
into the service of ‘al-Mamin to prepare instruments for observation, 
and to make observations, in the quarter called ‘ash-Shamasiyah at 
Baghdad; and he did accordingly, and tested the positions of the 
stars. He did not finish his observations, on account of the death of 
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‘al-Mamtin. With him originated a well known astronomical table, 
which astronomers make use of to our day. Having been a Jew, he 
became a Muslim by the favor of ‘al-Mamtin. Several well known works 
on the stars and on arithmetical calculation were written by him.” 

Respecting Yfhanna Bin Ytsif, Casiri, Id., i. 426, quotes the following 
“from an Arab author: “Ythanna the Christian presbyter, Bin Yasif 
Bin ‘al-Harith Bin ‘al-Batrik was a savant distinguished in his time for 
lecturing on the Book of Euclid, and other books on geometry. He 
made translations from the Greek, and was the author of several 
works.” 

‘Tbn ‘al-Haitham of Basrah, whose full name was ‘Abi-’Ali Muham- 
mad Bin ‘al-Hasan ‘Tbn ‘al-Haitham of Basrah, as we are told by Wiis- 
tenfeld in his Gesch. d. Arab. Aerzte u. Naturforscher, pp. 76, 77, was a 
good mathematician as well as skilled in medicine. He rose to emi- 
nence in his paternal city of Basrah, but, on the invitation of the Fatim- 
ite Khalif ‘al-Hakim, A. D. 996-1020, went to Egypt to execute some 
engineering, for the irrigation of the country when the Nile should rise 
less high than usual. In this undertaking he failed. The latter part of 
his life was devoted to works of piety and to authorship. He died at 
Cairo, A. H. 430, A.D. 1038. Our ms. gives him the title (¢,asJ}, 
but, as he was generally called from his native city, and the other title 
might so easily be an error of the ms., we have altered it to spas : 

From an Arab author, again, quoted by Casiri, Id., i. 442, 443, we 
derive the following notice of ‘Abi-Sahl of Kéhistan: “ Wijan Bin 
Wastam ‘Abi-Sahl of Kahistan was a perfect astronomer, accomplished 
in knowledge of geometry and in the science of the starry heavens, of 
the highest eminence in both. He distinguished himself under the 
Buwaihide dynasty, in the days of ’Adhad ‘ad-Daulah [A. D. 949-982— 
see Abulfedae Annales Musl. ed. Reiske, ii. 454, 550]. After Sharf ‘ad- 
Daulah had come to Baghdad, on the expulsion of his brother Sams4m 
‘ad-Daulah from the government of Irak [A.D. 986—see Abulf. Ann. 
ii. 560], he ordered, in the year 378, that observations should be taken 
on the seven stars, in respect to their course and their passage among 
their Zodiacal signs, as ‘al-Mamfn had done in his day, and he com- 
mitted the accomplishment of this task to ‘Abfi-Sahl of Kthistan. 
Consequently, the latter built a house within the royal residence, at the 
end of the garden, and there made instruments which he had contrived, 
and afterwards took observations which were written out in two declar- 
ations, bearing the signatures of those who had been present, in affirm- 
ation of what they had witnessed and were agreed in.” 
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To this supplementary note we will only add that we could not hesi- 
tate to translate the name of the person to whom Menelaus is said to 
have addressed one of his books, which our correspondent failed to 
identify, namely (weilkbleo, by Domitian. As the emperor Domi- 
tian reigned from A. D. 81 to 96, Menelaus must have been living in 
his time. 


Respecting the authorship of the Book of the Balance of Wisdom, 
after observing that, although the dedication proves it to have been 
composed at the court of the Saljike Sultan Sanjar (who reigned over 
a large part of the ancient Khalifate of Baghdad from A. D. 1117 to 
1157), the recent developments of the history of the Saljikes by Defré- 
mery afford no clue to the identification of the author, our correspond- 
ent quotes a passage from Khondemir’s Dustfr ‘al-Wuzara’ which he 
thinks may possibly allude to him, as follows: “ Nasir ‘ad-Din Mahmid 
Bin Muzaffar of Khuwarazm was deeply versed both in the sciences 
founded in reason and in those based upon tradition, and was especially 
able in jurisprudence after the system of ‘ash-ShAfi'i; at the same time he 
was famed for his knowledge of finance and the usages and customs of 
the public treasury. He was the constant protector of scholars and 
distinguished men. The Kadhi Umar Bin Sahlan of Sawah dedicated 
to him his work entitled Masa/ir-i-Nasiri, on physical science and logic. 
In the Jaw4mi’ ‘at-Tawarikh it is stated that Nasir ‘ad-Din commenced 
his career as secretary of the administration of the kitchens and stables 
of Sultan Sanjar, and that, as he acquitted himself creditably in that 
office, the Sultan named him secretary of the treasury of the whole 
kingdom, and he reached at length the high dignity of Wazir, but, on 
account of the modesty common to men of studious habits, and which 
was native to him, he could not properly perform the duties attached to 
it. The Sultan accordingly discharged him from it, and again entrusted 
to him the administration of the finances, which he transmitted to his 
son Shams ‘ad-Din ’Ali.” On this passage M. Khanikoff remarks: 
“Ido not pretend by the aid of this passage to establish irrevocably 
that Nasir ‘ad-Din is the author of the treatise before us. But his 
being a Khuwarazmian accords with what our author says of the place 
where he made his researches; his participation in the administration 
of the finances would explain his having composed a work for the king’s 
treasury ; and lastly, the positive testimony of history as to his erudition 
... and the dedication to him of a work treating of physics give some 
probability to the supposition that he may have occupied himself with 
the subject. The absence of any direct notice of this treatise on the 
balance in his biography may be ascribed in part to the predilection of 
Khondemir for politics rather than literary history, in consequence of 
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which he rarely mentions the scientific labors of those whose memoirs 
he gives, and partly to the circumstance that a work destined for the 
royal treasury, like official reports of the present day, might remain a 
long time unknown to the public.” 

We have thought it proper thus to give the substance of our cor- 
respondent’s conjecture. But there can be no doubt that, in the ex- 
tracts from the Book of the Balance of Wisdom which M. Khanikoff 
has given us, the author names himself three times, though in so modest 
a manner as scarcely to attract attention. Instead of heralding himself 
at once, in his first words, after the usual expressions of religious faith, 
as Arab authors are wont to do, he begins his treatise by discoursing on 
the general idea of the balance, with some reference, as it would seem, 
to the B&tinian heresy, which gave so much trouble to the Saljike 
princes, and then simply says: “Says ‘al-Khazini, after speaking of the 
balance in general .. .”—see p. 8, and proceeds to enumerate the advan- 
tages of the balance of wisdom, so called, which he is to describe and 
explain in the following work. Farther on, after a section devoted to a 
specification of the different names of the water-balance, and to some 
notices of those who had treated of it before him, he begins the next 
section thus: “Says ‘al-Khazini, coming after all the above named. . .”— 
see p. 14, and goes on to mention certain varieties in the mechanism of 
the water-balance. The form of expression which he uses in the latter 
of these two passages implies that ‘al-Khazini is no other than the 
author himself; for Arabic usage does not allow Ss%: to be employed 
to introduce what one writer quotes from another, though nothing is 
more common than for an author to use the preterit JlS, with his name 
appended, to preface his own words. Besides, if ‘al-Kh&zini is not our 
author, but one of those from whom he quotes, who had previously 
treated of the water-balance, why did he not name him in the section 
appropriated to the enumeration of his predecessors in the same field 
of research? In the title to a table which our correspondent cites in 
the latter part of his analysis, we read again: “Table etc. added by 
‘al-Khazini”—see p. 69, which also intimates the authorship of the 
work before us, for the writer introduces that table as supplementary to 
one which he cites from another author. Yet farther, if our author’s 
name be really ‘al-Khazini, his statement respecting the destination of 
his work for the royal treasury—see p. 16—accords with his own e, 
for ‘al-Khazini signifies “related to the treasurer,” and, as M. Khatthof 
well observes, “the Orientals show as much jealousy in affairs of state 
as in their domestic concerns.” 

Who, then, is our ‘al-Khazini? Though unable to answer this ques- 
tion decisively, we will offer some considerations with reference to it. 
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Possibly our author is the individual of whom D’Herbelot makes this 
record: “Khazeni. The name of an author who invented and described 
several mathematical instruments, of which he also indicated the use” — 
see Bibl. Or., p. 504. Or he may be the same as ‘Abi-Jafar ‘al-Kh4zin, 
of whom an Arab author, quoted by Casiri, says: “/Abd-Jafar ‘al-Kha- 
zin, a native of Persia, distinguished in arithmetic, geometry, and the 
theory of the motion of the stars, conversant with observations and 
their use, famed in his day for this sort of knowledge. He was the 
author of several works, among which is the Book of the Zij-/as-Safa’/ih 
(gua) a3 iS ), the most eminent and elegant work on the sub- 
ject, and the Book of Numerical Theorems (X:5A2)) Jobat} obs )"— 
see Bibl. Arabico-Hisp., i. 408. Von Hammer, apparently on the au- 
thority of Sédillot, fixes his death in A. D, 1075—see Literaturgesch. d. 
Araber, vi. 428. Or our author may be identical with Alhazen, a person 
long known by name as the author of a treatise on optics translated by 
Risner, and published at Basel in 1572. It is also possible that one and 
the same individual is referred to under these several names. Risner 
intimates to us the original title of that treatise on optics in these words : 
“et ut inscriptionem operis, gue authori est de aspectibus, greeco, concin- 
niore et breviore nomine opticam nominarem;” and we hoped to be 
able to obtain from Haji Khalfah’s lexicon some information respecting 
other works by the same author, which should throw light upon the 
authorship of the work before us. But this clue to a reference proved 
insufficient, and after several fruitless searches we have not found any 
notice by Haji Khalfah of the famous optician. As to the period when 
Alhazen lived, Risner declares himself ignorant, but supposes that it 
was about A. D. 1100: it will be remembered that our author wrote in 
1121, That our ‘al-Khazini was a native of Persia, as is asserted of 
‘Abt-Jafar ‘al-Khazin, there is some reason to suppose, from his occa- 
sional use of Persian words; and here it may be well to observe that it 
is only by an error that Alhazen the optician is made a native of Basrah : 
the error is to confound him with Hasan Bin ‘al-Hasan Bin ‘al-Haitham 
of Basrah, which has been widely spread, though corrected by Montucla 
and Priestley—see Gartz, De Interpp. et Explanatt. Euclidis Arab., p. 22. 
The subject of the work before us is one which the Arabs were accus- 
tomed to class, with optics and other sciences, under the general head 
of geometry —see preface to Haji Khalfah’s lexicon, ed. Fluegel, i. 35 ; 
and there is, indeed, a little sentence in our author’s introduction, which, 
with reference to the time when it was written, would seem even to 
betray a writer addicted to philosophizing on light: “For the essence 
of light is its being manifest of itself, and so seen, and that it makes 
other things manifest, and is thus seen by”—see p.7. Again, the style 
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of ‘Abi-Jafar ‘al-Khazin, as indicated in an extract from one of the mss. 
of the Bodleian Library, given in Catal. Bibi. Bodl., ii. 261, as follows : 
C29 Sy De SE ne Up SL! dulsi, ball} Last de as paitl 
SLR2S!, “he aimed at brevity in the work, abridging the phraseology 
and diminishing the number of the figures, without removing doubt or 
doing away with obscurity,” which refers to a commentary on Euclid, 
seems to us very like that of our author. 

Upon the whole, we incline to believe that our author and /Abd-Jafar 
‘al-Khazin and the optician Alhazen, perhaps also D’Herbelot’s Khazeni, 
are one and the same person. We venture, at least, to suggest this, for 
confirmation or refutation by farther research. We may here say that 
we have been in some doubt whether to read the name of our author 
‘al-Khazin or ‘al-Khazini, the Arabic ms. sent to us by M. Khanikoff, 
which gives the latter reading, not being decisive authority on this 
point. We beg our correspondent to settle the question by reference to 
the original ms. For the proposed identification, however, it is equally 
well to assume the name to be ‘al-Khazini, inasmuch as, according to 
Risner, the author of the book on optics was called “ Alhazen fil. 
Alhayzen,” that is, ‘al-Khazin Bin ‘al-Khazin, to which ‘al-Khazini, in 
the sense of “related to ‘al-Khazin,” is equivalent. 


4, p. 37. In reproducing this figure, we have struck out a point 
assumed in the original between & and ¢, and made use of in the fifth 
theorem, because it is of no service, and only makes the figure incon- 
sistent, and less applicable to the following theorems. 


5, p. 39. It seems to us that the remark of our author here referred 
to is misinterpreted by M. Khanikoff. The former means simply to say 
that no interference with one another’s motion is apparent in the case 
of the celestial spheres, while he neither affirms nor denies the principle 
of universal gravitation. 


6, p. 42. The figure here given of the areometer of Pappus is con- 
siderably altered from that presented by M. Khanikoff. The latter 
occurs twice in the manuscript, once in the Arabic text, and once in the 
translation : the two forms are of somewhat different dimensions, and 
are quite inconsistent with one another with respect to the details of the 
graduation, which are moreover, in both, altogether inaccurate. Both, 
however, agree in offering, instead of a:double scale, two separate scales, 
standing in a reversed position at a slight interval from one another. 
As it was impossible to reconcile such a figure with the directions given 
in the text, we have preferred to construct a new one, in accordance 
with our best understanding of those directions. In so doing, we have 





* 
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been compelled to amend the text slightly as regards the lettered points 
referred to, as well as the lettering of the figure itself, inasmuch as the 
latter in the manuscript was 

so imperfect and inaccurate 
% as to be unintelligible. For 
the purpose of showing the 
alteration we have made, we 
present herewith an exact 
copy of the portion of the 
manuscript figure about the 
equator of equilibrium. It 
will illustrate also the manner 
in which the numbering of the 
instrument is indicated (very inaccurately upon the left scale) in the figure. 
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7, p. 42. See the statement, on page 98, that the Arab physicists 
were accustomed to enchase silver points upon the right arm of the 
beam of the balance, for specific gravities; and the description of the 
balance on page 97. To graduate by round points seems to have been 
the mode among the Arabs. 


8, p. 47. We have constructed this table anew, and have corrected 
at many points the sixtieths of our original : in some cases, the readings 
of the latter may have become corrupt; in most, there was probably a 
want of accuracy in the original constructor. 

The readings of the manuscript which we have altered are as follows: 
Line of Numbers. Paris. Sirtieths. |Line of Numbers. Parts. Siztieths, 

105 95 16 87 114 58 
104 96 12 86 " 116 12 
103 97 9 83 120 30 
102 98 76 131 36 
101 99 69 144 54 
99 101 64 ° 156 16 
98 102 62 161 20 
97 103 61 163 58 
96 104 55 181 50 
94 106 21 52 192 20 
88 113 37 

There are also several cases in which we have retained the figures 
given by the manuscript, although not quite correct, when they differed 
by less than 1 from the true value. . Thus, opposite the number 106, we 
find set down a remainder of 21 sixtieths, while the true remainder is 
20.876, and, of course, 20 would have been more accurate. 
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9, p. 50. We alone are responsible for the translation of this section, 
our correspondent having left it untranslated. In the lettering of the 
first figure here introduced, we have so far deviated from our Arabic 
original as to substitute ~ and ¢ for & and U*, respectively, in order 
to simplify the transcription. 













10, p. 53. The meaning of this somewhat obscure statement is prob- 
ably as follows. Two heavy bodies at opposite extremities of a lever 
| act upon each other by their gravity to produce motion, and remain at 
| rest only when their common centre of gravity is supported. The same 
i | is true of balls thrown into a spherical vase: they act upon each other 
by their gravity to produce motion, and they remain at rest only when 
their common centre of gravity is supported, that is, when it stands 
over the lowest point of the spherical surface. 















11, p. 54. In our reproduction of this figure, we have reduced its 
size one half, improved the form of the “bowl,” f, and given in the 
margin the explanations which in the original manuscript are written 
upon the figure itself, at the points where the letters of reference are 

Pm placed. 







12, p. 56. We have taken the liberty of slightly altering our cor- 
respondent's manuscript in order to insert the table here given, because 
the latter seemed to be so distinctly referred to upon page 78 that it 
was necessary to assume that the Arabic work originally contained it. 
M. Khanikoff gives the mean weight for bronze as 11 m,, 2$d.; but, 
considering the acknowledged corrupt state of the manuscript in this 
part, we have thought ourselves justified in amending the reading to 
1lm,, 24d., since this value is required by that of the “result” derived 
from it for the succeeding table. In the table on p. 78, it will be no- 
ticed, bronze is omitted. 

















13, p. 63. ‘Ahmad /at-Taifashi, in his book on precious stones, ed. 
Raineri, page 10 of text, describes the yaékit ‘asmAnjini as including 
“the cerulean, that which resembles lapis lazuli, the indigo-like, the 
collyrium-like, and the dusky”—by which may be intended, as the 
editor says (annott., p. 80), all sorts of sapphire and aqua marina. 



















14, p. 63. According to ‘at-Taifashi, page 13 of text, the raihAni, or 
t basil-like, is a variety of the emerald, “of pale color, like the leaves of 
the basil ;” the same authority defines the silki, or beet-like, as another 
, variety of this mineral, “in color like the beet,” that is, probably, like 
beet-leaves. 
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15, p. 64, In thus rendering the word , ,i! AJ}, we conjecture it to 


be derived from en) with the signification “circulus ungule bubule 
magnitudine,” as given by Freytag. Raineri gives us another reading 
for this word, namely ,¢,!,8.J}, and explains it as possibly signifying 
of Bukhéra—see text of ‘at-Taifashi, p. 35, and annott., p. 100— 
which, however, seems to be quite impossible. The Arab mineralogist’s 
description of the species of onyx bearing this name is as follows: 
“ 5,)Ji.J) is a stone composed of three layers: a red layer, not trans- 
parent, followed by a white layer, also not transparent, next to which is 
a transparent, crystal-like layer. The best specimens are those of which 
the layers are even, whether thick or thin, which are free from rough- 
ness, and in which the contrast [of color] and its markings are plainly 
seen ;” which corresponds to what Caesius, in his Mineralogia, Lugd., 
1636, p. 569, says of the most precious sardonyx, thus: “Queres tertid 
queenam sit sardonyx omnium perfectissima. Respondeo esse illam que 
ita referat unguem humanum carni impositum ut simul habeat tres col- 
ores, inferiorem nigrum, medium candidum, supremum rubentem. .. . 
Nota autem, cum sardonyx est perfecta, hos tres colores esse debere 
impermixtos, id est, ut zona alba nihil habeat mixtum alieni coloris, et sic 
de nigra et purpurea.” But, if our reading , <i! 8.) is correct, and the 
derivation which we have suggested for the word is adopted, this species 
of onyx must have been so named from specimens with their layers of 
different colors intermingled, which the modern mineralogist would call 
by the name of agate rather than that of onyx. Perhaps, however, 


the reading should be , <i! Beads, from ¢)} as, the name of a certain 
plant, which we have not identified. In this case, the name would be 
similar in its origin to “ basil-like” and “ beet-like,” applied to varieties 
of the emerald, and appropriate for specimens of onyx with either dis- 
tinct or intermingled layers, the veining of the mineral having nothing 
to do with its name. 


16, p. 65. Caesius, Id., p. 520, says: “ Dioscorides, Judaicus, inquit, 
lapis in Judea nascitur, figura glandis, eleganter et concinne confectus, 
lineis inter se eequalibus veluti torno factis,” etc. Prof. J. D. Dana of 
Yale College, to whom we are indebted for the foregoing quotation, 
infers from this description that the Jews’ stone was the olive-shaped 
head of the fossil encrinite. Ancient physicians dissolved it for a 
draught to cure gravel. ‘Ibn-Baitar, in his Mufridat, ed. Sontheimer, 
i, 285, speaks of it in the same terms as Caesius does. 


17, p.65. Probably a fossil. M. Khanikoff quotes the following from | 
the Kamit : ola Eee) isu} Lf, ... Famed Bh ee m0 pyro pad 
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pos, “The crab is a river-animal of great use ... om the other hand, 
the sea-crab is a petrified animal.” One might ask the question, whether 
the latter was so called because found in the sea, or whether that name 
impties a belief that the sea once extended where afterwards was dry 
land, in accordance with modern geological discovery. 


18, p. 66. In explanation of this term, our correspondent cites, from 
a Jaghatai Turkish translation of ‘al-Kazwini’s ’Aja‘ib ‘al-Makhlikat, a 
passage which states that “the finest quality of glass was Pharaoh’s 
glass, found in Egypt.” The original Arabic gives no such statement 
under the head of glass. For an account of the translation referred to, 
see M. Khanikoff in the Bulletin Hist.-Phil. of the Imperial Academy of 
St. Petersburg, for Nov. 8, 1854 (Mélanges Asiatiques tirés du Bulletin 
etc., ii, 440-446). 


19, p. 72. We have substituted this citation from the original Arabic 
of ‘al-Kazwini for a passage which our correspondent here quotes from 
the Jaghatai Turkish translation referred to above. The citation of M. 
Khanikoff, of which only the first sentence is recognizable in the Arabic, 
is as follows: “ Khuw&razm is a vast, extensive, and populous province. 
There is in it a city named Jurjaniyah. ... The cold there is so intense 
that a man’s face freezes upon his pillow; the trees split by reason of 
the cold; the ground cracks; and no one is able to go on horseback. 
One of its frontiers is Khurdsin, the other Mawaralnahr. The river 
Amt [the Jaihtn], freezes there, and the ice extends from there to the 
little sea. In the spring, the waters of the little sea mingle with the 
water of the Amd, and come to Khuwarazm ;” on which our correspond- 
ent observes: “If I am not mistaken, this passage, which establishes 
with certainty that the waters of the Amf reached the Sea of Aral only 
during the spring freshets, is unique; and it points out to us, perhaps, 
the way in which the change of its mouth originally took place.” 

By way of illustration of ‘al-Kazwini’s description of the lower course 
of the Oxus, it may not be amiss to cite what Burnes says of it in his 
Travels into Bokhara, iii. 162. Having spoken of its winding among 
mountains till it reaches the vicinity of Balkh, Burnes says: “It here 
enters upon the desert by a course nearly N. W., fertilizes a limited 
tract of about a mile on either side, till it reaches the territories of 
Orgunje or Khiva, the ancient Kharasm, where it is more widely spread 
by art, and is then lost in the sea of Aral. In the latter part of its course, 
so great is the body of water drawn for the purposes of irrigation, and 
so numerous are the divisions of its branches, that it forms a swampy 
delta, overgrown with reeds and aquatic plants, impervious to tle’ hus- 
bandman, and incapable of being rendered useful to man, from its un- 
varying humidity.” 
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20, p. 73. These terms are explained by a passage appended to this 
section in the translation of our correspondent, for which he has omitted 
to give the Arabic text. We quote the translation here : 

“All the substances mentioned in this section sink in water if the 
weight of their equivalent volume of water is less than 2400 tasstijs, 
and float if that weight equals or exceeds the same number. 

End of the first section.” 


21, p.74. It might be suspected that the word oll}, “ivory,” 
should rather be Wiss}, “resin,” this being one of the substances of 
which, in the opening of the chapter, our author proposed to give the 
water-equivalent. As, however, the specific gravity derived from the 
equivalent given is 1.64, and that of the common resins is only about 
1. to 1.1, it is perhaps easier to assume that resin has been accidentally 
omitted from the table. 


22, p. 76. This process can be made clearer by an algebraic method 
of statement. Let C—a cubit, c= the length of a side of the cube 
measured, and ¢== the diameter of the silver thread: then C=-4c+ 
4(c-—Jgc): but c—-259¢t; therefore, C—1082,%. For the fraction 2, 
our author now substitutes ;3, because, as appears from their use in the 
table on p. 46, sixtieths are to him what decimals are to us, and ¢ are 





nearly equivalent to 2. C, then, equals Substituting, in the 


proportion c?: C%;: 9415 tassijs: the weight in tassijs of a cubic 
cubit of water, ihn numerical value of the first two terms, we have 
273,650,180,698 467 |, 





17,373,979 : 316,000 : 9415 : 686,535.58. If the original 
fraction ; had been retained, the result would have been 686,525 
tasshjs. 


The question naturally arises, why ‘Abu-r-Raihan had recourse to the 
use of the silver thread in making this experiment. It is evident that, 
when once we have the value of C expressed in terms of c, we may 
reject ¢ altogether, and obtain the same result as before by the much less 

we (ie 43: a ) ' 

91,12 45/7 
:: 9415 : 686,525. This fact, however, our author does not seem to 
have noticed. Was the silver thread, then, employed merely as a me- 
chanical device for facilitating an exact comparison of C andc? This 
seems by no means impossible, since, after finding the first remainder, 
and perceiving it to be equal to 46 diameters of the thread, the relation 
of that remainder to the side of the cube would be at once determined, 
without going through with the two additional, and more delicate, 
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laborious reduction of the proportion 1: 
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measurements otherwise required, and exposing the process to the 
chances of error to which they would give rise. We may also, per- 
haps, suppose that the original mondeaie was actuated by a desire 
to furnish to any who might repeat the experiment after him the means 
of comparing their results with his, and that, in the want of any exact 
standard of measurement (since the measures may have varied in differ- 
ent localities not less than the weights are shown to have done by the 
table upon p. 81), he devised this method of the fine silver thread with 
the view of providing, in this case, such a standard. 


23, p. 78. We have introduced into this table a number of emenda- 
tions, which were imperatively called for. All the data for constructing 
it had been given before, in the table of water-equivalents upon p. 56, 
and the determination of the weight of the cubit cube of water just made, 
and we had only to work out, in the case of each metal, the propor- 
tion: the water equivalent of the metal, in tasshjs: 2400 : : 686,535.53 : 
the weight of a cubic cubit of the metal. For mercury, the manuscript 
gives erroneously 387,973 m.; for silver, 294,607 m.; this would be 
the correct result if the calculator, by a slip of the pencil, had taken 
686,435.53 as the third term of his proportion. For tin, the Arabic 
gives 209,300; but, as the translation presents the correct number, the 
former must be an error of M. Khanikoff’s copyist. The column of 
‘stars is left unfilled in the Arabic manuscript ; our correspondent had 
supplied the deficiency, but incorrectly in the majority of cases (all ex- 
cepting mercury, silver, and iron). It admitted, indeed, of some ques- 
tion how many ‘istars our author reckoned to the mann: we adopted 
40, both because that seems to be the more usual valuation, and because, 
by assuming it, the column of fractions of ‘istars comes out in most in- 
stances quite correct : only in the case of lead, the manuscript gives a 
remainder of 4-4; in that of iron, 4; of tin, +4. The same valu- 
ation of the ‘istar was assumed in correcting the reading at the bottom 
of p. 77, where the great corruption of the whole passage, and the 
absurdity of its unamended readings, was very evident. 


24, p. 82. Considering the uncertain character of even the main 
elements entering into this calculation, and that its result cannot accord- 
ingly be otherwise than approximate only, it seems to us that our cor- 
respondent might have spared himself the labor of calculating the 
effects of an assumed difference of temperature, pressure, and gravity : 
the modifications which are thus introduced lie far within the limits of 
probable error from other sources; and, in fact, had these modifying 
circumstances been left out of the account, a result would have been 
arrived at nearer to the value which M. Khanikoff finally adopts for the 
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cubit than that which is actually obtained by his process. The value 
3 
c==500 mm., namely, supposes — ==.1250; the actual value of the 


latter quotient, after modification of m3, is .1291; before modification, 
.1287. We have not, therefore, in this instance, been at the pains of 
verifying either the formulas or the calculations of our correspondent. 


25, p. 86. In reproducing the figure here given by our correspond- 
ent, we have reduced its dimensions one-third, without other alteration. 


26, p. 86. This figure also is reduced one-third from that given in 
M, Khanikoff’s manuscript. 


27, p. 87. We have here followed our correspondent in giving only 
the original term, not being sure enough of its precise signification to 
venture to translate it, though we think it might be rendered “table of 
plane projections,” or “planisphere.” The connection shows that it 
denotes some astronomical instrument; and as well for this reason as 
because (o,£, and not X=, means “latitude,” besides that és is 
not a plural, Casiri is wrong in translating 2 :lucl} -3} wh, in a 


passage quoted from him on p. 115, as he does, by “ Liber Tabularum 
Latitudinum.” 


28, p. 88. This figure is an exact copy of that given by M. Khani- 
koff, except that it is reduced to one-third its original size. Its insuffi- 
ciency to explain the construction and adjustment of the parts which it 
represents is palpable. For farther explanation see note 338. 


29, p.90. Our two diagrams on pp. 89, 91, though faithfully repre- 
senting their originals, are, for convenience, made to differ from them 
in dimensions. 


30, p. 90. Literally “the point going downward,” implying the 
conception of a concentration of the weight of a body in its centre of 
gravity. 


31, p. 94. We suppose the centre of gravity spoken of under the head 
of “Determination relative to the Beam connected with the Tongue,” 
in this table, to be the common centre of gravity of the tongue and 
beam united. This seems to us to be indicated both by the reading of 
the Arabic text of the table, as it came to us, and by the suppositions, 
respecting the connection of the tongue and beam, considered in the 
extract which precedes it. But some changes of reading were required 
to make the table correct. The following fragment shows what are the 
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specifications of the text which we received, in those places where we 
have made changes. 


Determination relative to the Beam connected with the Tongue, 








ca eees [the Axis being] ; ...... [the Axis being] 
ais below the ©. at the C. of Grav. | above the C. 
Revers. 
Revers. Renip. 





Nec. Parall.| Equip. 





Revers. 
Nec. Parall.| Equip. 





Equip. 

















On the supposition that the centre spoken of is the centre of gravity of 
the beam, many more alterations would have been necessary. 


32, p. 95. Our correspondent did not translate this passage, so that 
we alone are responsible for the description of the winged bowl. We 
were about to offer some conjectures which seem naturally to suggest 
themselves in explanation of the peculiarities of this bowl; but, since 
we have so little ground for certainty in regard to it, we prefer to waive 
the subject. It will be noticed that our two drawings of the bowl are 
dissimilar, and that the one which is given in the figure of the whole 
balance is the least conformed to the description of our author. 


$3, p. 96. The figure of the Balance of Wisdom given here is as 
exact a copy as possible of the figure in M. Khanikoff’s manuscript, 
excepting that it is reduced in dimensions one-third. Where the beam 
is crossed by the two slanting pieces, the shading of the one and the 
graduation of the other are both continued without a break, so that 
it is impossible to decide by the figure which is regarded as lying 
upon the other. This ambiguity the engraver has reproduced as 
well as he could. It is impossible, with no more light than we have 
on the subject at present, to determine the use and connection of all 
the parts of the balance here represented. There is even an appar- 
ent inconsistency between the figure on p. 88 and the drawing of 
the same part here given. The two drawings are, indeed, quite in- 
sufficient of themselves to explain the construction of the instrument. 
But what is especially to be regretted is that M. Khanikoff has 
omitted to cite our author’s description of the axis and its pivots, or 
to give us so much as a hint of the mode in which the beam was 
held up. Yet, as the case now stands, a definition in the Kamds of 
the use of the two sloping pieces represented in our drawings on 
opposite sides of the tongue of the balance, enables us to make out 
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some of the leading parts of the construction. Those sloping pieces 
are called by the name of cast, substituted for the ms. reading, 
ce Lal}, which makes no sense. Of this term the Sihdh says: 
cy jae Cy pyRARG ct cael, , “the .!,l3 are those two 
pieces which show the tongue of the balance.” But the Kamit is more 
definite, and says: cae cy) BS GQ ol chy wate 
es gad all, cya ed A eres aio, “.s! laill with kasr signifies 
two pieces of iron which enclose the tongue of the balance, and xis 
signifies that I have made for the tongue such two pieces, and that it is 
) rr which is equivalent to saying that it has stops put to it.” Plainly, 
then, the tongue of the balance moved from one to the other of the 
two pieces of iron thus described, and must have been in the same plane 
with them ; and, since the middle vertical line of the tongue would of 
course range with that of its frame, the axis must have been bisected, 
longitudinally, by the same line. Thus, then, we are able to conjecture 
what the two parallel pieces in our larger drawing are intended to rep- 
resent, They may be the supports of the two ends of the axis; and 
the inconsistency between this drawing and the one on p. 88, which we 
have alluded to, may be only apparent. For above the supports of the 
axis, and between the lower ends of the vy! Ls, there must have been 
an opening to allow the tongue to play within its prescribed field of 
motion— whether the frame of the tongue rested upon one of the sup- 
ports of the axis, as our large drawing seems to show, or stood between 
the two. In accordance with this view, we regard the figure on p. 88 
as representing only the tongue and its frame, and the bends at the 
bottom of it as bends of the vy) | Las. 

Both of the parallel pieces are represented as if indefinitely prolonged 
towards the right, and, though this may be a mere inaccuracy of draw- 
ing, it is not unlikely that they were attached, in some way, to a fixed 
upright support, on that side, for the sake of giving a more stable posi- 
tion to the axis. 

It remains for us to state the grounds on which we have assigned to 
the word Xa3,xJ! the signification of “front-piece.” “This term is in- 
scribed, in both of our drawings, on the top-piece of the frame of the 
tongue, and also, in the larger one, along the nearer of the two parallel 
pieces, at ¢: so that one might think that two different parts of the struc- 
ture were called by the same name, on account of something in common 
between them ; or else that it was applied to the whole structure consist- 
ing of the frame of the tongue and the two parallels. But we believe 
the inscription of this word along one of the parallels to be simply a 
misplacement, Kaas sd] being there the first word of a sentence of ex- 
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planation which is finished under the beam on the left. We therefore 
regard this term as appropriated to the frame of the tongue. The 
etymology and form of the word itself give it the meaning of “that 
which fronts;” but, unfortunately, neither the Sih&h, nor the Kamis, 
nor any European dictionary of the Arabic which we have been able to 
consult, defines it in its application to the balance. 

In making these suggestions we have been aided by a scientific friend, 
Rev. C. S. Lyman of New Haven, to whom we desire to express our 
obligations. 


34, p.97. So called, we may suppose, from their being obtained by 
calculation. 


35, p. 98. To explain this formula, 
Let W be the weight in mithkals of a compound body (gold and silver) ; 
z the weight in mithkAls of the silver contained in it ; 
w-x “ “ the gold ‘“ “ 

Then s.gr. (the spec. grav. of the compound) = W (its weight in air) 
divided by the weight of water which it displaces. But if d’ and d” 
are the specific gravities of gold and silver, the water displaced by 
(W-z) mithk4ls of gold will weigh (W-2x)—~d’; that displaced by 
mithkals of silver, <—d’’, Hence 


W Ww W-2, 2 We ,8 
a bi on =( d’ a 
, 
1 1 
ba a a d’ 8.9r. 
By transposition, ae ee meee whence 4= ar 
ad’ a" 


36, p. 105. See note 5. 





We have just received, in the Journal Asiatique, v® Série, xi., 1858, 
a paper by M. Clément-Mullet, which exhibits tables of water-equiva- 
lents, water-weights, weights of equal volumes of substances, and spe- 
cific gravities, derived from ‘Abu-r-Raihan, through the medium of the 
Ayin~Akbari. The foregoing article will be found to correct and sup-— 
plement the statements of M. Clément-Mullet’s paper, in many particu- 
lars, as, indeed, it rests upon a much wider basis; and we feel sure of 
its meeting with a cordial welcome from the French savant, whose 
interest in the subject has been manifested by valuable contributions to 
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our knowledge of the-sciences of the East. It may not be amiss, then, 
to indicate here some errors in the tabular statements of the paper 
referred to. 

Since the sum of the water-equivalent and the corresponding water- 
weight must in every instance be 100 mithkals, the water-equivalents 
given for mercury, silver, and emerald require the water-weights of these 
substances, respectively, to be 92.3.3, 90.1.3, and 63.4, instead of 92.0.3, 
90.1, and 68.4, as stated. 

The water-equivalent of copper is stated to be 11.3, whereas our 
author gives us 11.3.1: but the weight assigned to the equal volume of 
copper also differs from our author’s statement, being 45.4 instead of 
45.3. This brings us to a point of greater apparent disagreement be- 
tween ‘Abu-r-Raihan and ‘al-Khazini, the columns of weights of equal 
volumes. Now, as these weights must in every case be derived from the 
data furnished by the preceding columns, by a rule which our author 
gives, although it is nowhere presented in the quotation from the Ayin- 
‘Akbari, we must be allowed to mention the following as errors under 
this head, viz: mercury 71.1.3 for 71.1.1, silver 53.5.1 for 54.0.2, bronze 
46.1.2 for 46.2, copper 45.4 for 45.3, brass 44.5.1 for 45, tin 38.0.3 for 
38.2.2; ruby (or red hyacinth) 97.1.1 for 97.0.3, ruby balai (if the same 
as ruby of Badakhsh&n) 90.2.2 for 90.2.3, emerald 69.2.3 for 69.3, cor- 
nelian 64.3.3 for 64.4.2. 

But, if we examine the statement of the weights of equal volumes in 
Gladwin’s translation of the Ayin-~/Akbari, we shall find that this may be 
so interpreted as to come into exact coincidence with our author’s state- 
ment, in all but one of the cases here in question. For, supposing that 
Gladwin’s figure 8, wherever it occurs in the fractional columns, comes 
from a wrong reading of ¢ for €=0, agreeably to a suggestion of M. 
Clément-Mullet, or is a mistake for 3; and farther, that Gladwin’s 
figure 5, given for tassijs in the weight of the equal volume of brass, is 
a mis-reading of © for -; and lastly, supposing Gladwin’s mithkal-figure 
4 in 94.0.3 for amethyst (or red hyacinth) to be a mis-reading of » 
for »—suppositions which derive support from an extended comparison 
of the tables given by Gladwin with the corresponding tables of the 
foregoing article—we obtain the following weights of equal volumes 
from the English translation of the Ayin-'Akbari, viz: mercury 71.1.1, 
silver 54.0.3 (instead of the true number 54.0.2), bronze 46.2, copper 
45.3, brass 45; amethyst (or red hyacinth) 97.0.3, ruby (probably ruby 
of Badakhshan) 90.2.3, emerald 69.3, cornelian 64.4.2. 

We have thus far passed over pearl and lapis lazuli, because the weights 
which the French savant gives to equal volumes of these substances 
show a double error—their respective numbers being transposed, while, 
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at the same time, the number truly belonging to pearl is 65.3.2, and not 
65.4. This transposition, though not the wrong number for pearl, 
occurs also in Gladwin’s translation ; and in correspondence with it, in 
both the French and the English presentation of ‘Abu-r-Raihan’s results, 
the water-equivalents of pearl and lapis lazuli are transposed, that of 
pearl being 37.1 for 38.3, and that of lapis lazuli 88.3 for 37.1. If, how- 
ever, the specific gravity of pearl was supposed by the Arabs to be less 
than that of lapis lazuli, agreeably to our table, its water-equivalent 
must have been rated the highest. It is scarcely to be believed that 
any accidental difference of quality in the pearls of ‘Abu-r-Raihan from 
those experimented upon by ‘al-Khazini, could have led the former to a 
water-equivalent for pearl precisely the same as that which the latter 
found for lapis lazuli. 

Again, M. Clément-Mullet’s list of specific gravities deviates in several 
instances from the results which should have been brought out by the 
water-equivalents given, as: silver 10.35 for 10.30, copper 8.70 for 8.69 
(according to ‘al-Khazini, 8.66), etc. The specific gravity obtained 
for amber, 2.53, while agreeing with the water-equivalent assigned to it, 
39.3, so far exceeds the modern valuation as to occasion a remark by 
the French savant: but our author gives it a much higher water-equiva- 
lent, namely 118, and consequently a much lower specific gravity, 
namely .85. It would seem, then, altogether likely that not amber, but 
some other substance, was here referred to by ‘Abu-r-Raihan; perhaps 
coral, which is given by ‘al-Khazini in the same connection. 

These remarks cover all the substances mentioned by ‘Abu-r-Raihan, 
excepting gold, lead, iron, celestial hyacinth, and crystal—in regard to 
all of which there is no disagreement between him and ‘al-Khazini—so 
that, besides their purpose in the way of criticism, they serve to show 
an almost entire identity between ‘Abu-r-Raihan’s tables, so far as they 
go, and those of our author. The course pursued by the latter, in his 
tabular statements, would seem to have been to adopt, with some cor- 
rection, the results obtained by the earlier philosopher—to whom, it 
will be remembered, he frequently refers as an authority—and to add to 
them by experiments of his own. 
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1. Na is both a conjunction and a preposition, signifying and, 
even, also, with; it is also used as an interrogative particle. 
The same word na = and, with, etc., prevails among all the 
cognates of the Isizulu, along the eastern coast of Africa—at 
Delagoa Bay, Inhambane, Sofala, Tete and Sena, Quilimane, 
Mosambique, Cape Delgado; also in the Suaheli, the Nika, 
Kamba, Pokomo, and Hiau dialects. It is also common in some 
of the interior and western dialects; sometimes, however, with 
some modification of form and import; thus, in the Mpongwe, 
na, nt, n’ = with, for; Benga, na=with; Setshuana, na= with, 
and; as nabo, with them; nalu, with you. 

Corresponding to the use of ma as an interrogative particle, 
which always follows the interrogative phrase or sentence, and 
takes an accent with the falling slide of the voice, the Mandingo 
has di in many cases; and the Bornu language has ba, originally 
ra; and this ra is the same word which is used in that language 
as a conjunction = or. As the asking of a question implies the 
return of an answer—an additional remark—the indicating of a 
question by the use of a conjunction is not unphilosophical; nor 
does it differ in principle from the English, which makes most 
questions to end in an elevated or rising tone, thus indicating a 
state of suspense and the expectation of an answer. 
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2. Nga is a preposition, signifying by, through, by means of, 
on account of, in respect to, at, with, toward, near, about. The 
Setshuana has ga=at, with, concerning, of, from, respecting ; 
and the Mpongwe, go= at, upon, to; gwi=at, in, from; and 
gore = for, to, at. Some of the uses of ga in the Setshuana would 
seem to indicate its correspondence to the Zulu ka; and some of 
the uses of go and gwi in the Mpongwe are closely related to the 
use of ku in the Isizulu. 

3. Ku, the preposition = to, from, in, with, is not only used as 
a separate word, but enters as a prefix into the composition of 
several adverbs, especially those which are formed from adjec- 
tives. With the initial w, it forms the sign of the infinitive; thus, 
uku tanda, to love. Ku is also found in many of the cognates 
of the Isizulu, both as a mark of the infinitive, and as an ele- 
ment in the formation of adverbs. Thus, in the Suaheli, ku 
nena, to speak; ku fania, to make; Maravi, ku lira, to weep; 
Cape Delgado, Tete and Sena, ku rira; Inhambane, ku lila—to 
weep; Mpongwe, go kamba, to speak; Setshuana, go bofa, to 
bind. So in,adverbs, Tete and Sena have kunsha, Cape Delga- 
do and Sofala, kundsha, while the Inhambane has papandshe, all 
in the sense of the Zulu panhie, without, outside. So again, Tete 
and Sena and Quilimane have kuzogoro and padzugoro = before; 
Tete and Sena, kumbari and pambari= by the side; kuzuru, 
above ; kumbwio, after; kuno, on this side. 

4, Ka, The particle ka, as seen in many adverbs, is originally 
& preposition—the genitive a hardened by k; thus, kakulu (of 
size), greatly ; kaloku (of this), now; kanye (of one), once. The 
same is found in the Setshuana as a preposition separable = for, 
by, in, with; and sometimes inseparable, and in the softer form 
ga; thus, gangue, once; gaberi, twice; gantsi, frequently; and 
in some words, as hagulu, the sound of g is reduced to a mere 
aspirate. The Setshuana has the preposition ka as separable, 
in some cases where the Isizulu has the inseparable pa; thus, 
Setshuana ka pele=Isizulu pambili, before; ka intle = panhle, 
without; ka gare = pakati, within. We find ka used in the Tete 
and Sena as in the Isizulu; thus, kabozi, kapost, once; kavire-konze 
or kabiri-konzi, twice; kavirt-kaviri, always. So in the Inham- 
bane, karini? how? karora, thus. 

5. Kwa is evidently composed of ku=to, from, + the genitive 
a, the sign of source, possession, and designation; hence the gen- 
eral signification, to, from, of, at, with, in—its more specific im- 

ort being determined by its connection; thus, ngi ya kwa Zulu, 

go to the Zulu country; ng? vela kwa Zulu, I come from the 
Zulu country; abantu ba kwa ’Musi, Musi’s people, or the people 
are with Musi, are at his place, or they belong to him, according 
to the connection in which the phrase is used. So in the Suaheli, 
nime kuenda kua Wal, I went to the Governor; Mpongwe, 
agendaga gwt ‘longa, he went to (the) country. 
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6. Pa. The inseparable particle or preposition pa = close, 
near, by, at, in, among, which enters into so many of the ad- 
verbs and prepositions in Isizulu, enters in like manner into the 
composition of the same parts of speech in numerous African 
dialects, and is closely allied, if not identical, with a similar par- 
ticle in other families of language. Thus, in the Tete and Sena, 
pazuru, above; panze or pandze, below; pangoro pangoro, gradu- 
ally ; pambari, by the side; paboze, only ; pafupr, near; pakati, 
in the midst. In the Sofala, padoko padoko, gradually ; pambe- 
dshe, before. In the Inhambane, papandshe, outside; padokuana, 
=~ pashani, above. In the Quilimane and Mosambique, 








c p into another letter of the same organ, v; thus, vazuru 
and wazulu, above; vati = pansi in the Zulu, beneath; Mosam- 
bique, va, here, on this side; vakuviri, near; vamoza, once. In 
Cape Delgado, wakati = pakati of the Isizulu, in the midst; 
papiri, sometimes. The Mpongwe has va = in, in the space of, 
both separable and in composition with other words, especially 
those which denote time; thus, va, among, at; vale, soon; vate- 
vena, now; and the Benga has picle, near. : 

Not only as a prefix, and in general signification, but virtually 
in form also, this particle pa is found in the English prefix by or 
be, German ber, Gothic &, etc. And this prefix is perhaps allied 


‘to the Danish paa, and the Russian po; ‘the Latin has it in pos- 


sideo and a few other words;” and its prevailing sense and chief 
element are found again in the Shemitic prefix b (a, beth)—a relic, 
perhaps, of an original language in common use before the dis- 
persion on the plain of Shinar, and a still living ligament between 
the three divisions of the tripartite tongue since known as the 
Shemitic, Japhetic, and Hamitic.* 

The substance of this particle pa is seen also in the Zulu 
interrogative adverb pz, which is sometimes joined with the 
preposition nga; thus, ngapi na? where? whither? whence? close 
upon what? about how many?—and sometimes with the personal 
preene, the subject of inquiry; thus, upi na? where is he? 

api nu? ziptina? whereabout are they (in respect to situation, 
number, or quantity)? Nor is this use of the particle confined 
to the Isizulu. The Inhambane has tingapi? how much? Tete, 
bangapi? how many? Mosambique, gavi? and Cape Delgado, 
vingapi? how many? Inhambane, itipi? where? whither? So- 





* We must be permitted to observe that, while the extensive analogies traced 
by our correspondent among the languages of Africa appear to us highly interesting 
and important, we cannot regard it as safe, in the present state of philological sci- 
ence, to draw any inference from occasional and isolated resemblances to Indo-Eu- 
ropean or Semitic forms. When it shall be proved by cautious and comprehensive 
investigation, that a real connection exists between the Indo-European and Semitic 
families of languages, it will be time to make a similar attempt for other families 
more widely and obviously diverse from each other.—Comm. or Pust, 
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fala, apt? Tete and Sena, kupont? Quilimane, wwi? Mosambique, 
vai? Cape Delgado, depi?—-where? whither? whence? So the 
Suaheli, wapi? the Nika, luapi? the Hiau, kwapi?—where? 
whence? whither? Suaheli, wangapi? which in number? In 
the Wakuafi we find the interrogative pronoun ni? = what? and 
pa, combined in the word painio? why? whereby? wherefore? 
So in the Quilimane parani? why? because of. The Benga has 
ove? which? where? See also the Bornu language: yimpi? at 
what time? when? ampi? which people? dandalpi? which 
mosque? kirpi? which slave? perpi? which horse? 

The root of the same adverb is seen again in the Zulu,inter- 
rogative po? poge? why? po ini? then why? ini ral: 
then? and the classical scholar will readily observe the li ‘ 
both in form and import, which this particle bears to the Greek 
nov, Where? as, how? zor, whither? ete. 

Many Hebrew scholars derive the Hebrew preposition 6 (2) 
from the noun beth, house, in the house; hence in, by, near. In 
some instances its Hamitic equivalent pa (po, va, vo) carries with 
it the idea of being at home; thus, Sena, a rt po? is he at home? 
Mosambique, ngi ya vo, I am at home; mukungu wa va, the 
master is at home; u hi vo, he is absent. 

7. La is a demonstrative particle entering into the composi- 
tion of the demonstrative pronouns, and of a few of the adverbs; 
thus, loku (la +uku), this, then, when; Japa (la+ apa [a+pa}), 
here; lapo, there; lapaya, yonder. 

8. Ya is an adverbial suffix, derived, perhaps, from the verb 
uku ya, to go; denoting distance in place, and generally accom- 
panied by some gesticulation, as pointing the finger, or inclining 
the head= yonder. Thus, leya, that, or there yonder; lapaya, 
away yonder. The Suaheli has ya kule, far; Pokomo, kuye, far, 
distant. The Setshuana and Mpongwe make use of /a in a 
similar manner: thus, Setshuana, kakala, far, distant; Mpongwe, 
la, distant: so the Hiau, ula, distant. 

9. Apa, apo, apaya. In the adverb apa, we have the insepa- 
rable pa = near, close, by, and the genitive particle a, which is 
sometimes preceded and strengthened by the demonstrative la; 
thus, apa or lapa, here, at this place, hither, at the time, when; 
apo or lapo, there, at that place, thither, where; apaya or lapaya, 
yonder, at a distance. In some of the neighboring dialects, this 
adverb has reference to adjacent or contiguous time as well as 

lace. Thus, Inhambane, apa, here, now; apa apa, just now; 
Lecngve, vena, here; vate, soon; vate-vena, now; vava, there; 
vana and mevana, yonder; Suaheli, hapa, here; Nika, hiva; 
Pokomo, hafa; Hiau, hapano—here, hither; Suaheli, hapo; there; 
mahali hapa, hapano, thence; Nika, kua hiva, hence (from here); 
Benga, okava, here; okavani, there; ovani, there, yonder; ove, 
where; pani, this moment. 
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10. Kufupi = short, near, not far distant. The root of this 
word, fupt, may be traced in many cognates of the Isizulu: in 
the Inhambane, Tete and Sena, pa/fupi, near; Suaheli, mfupi, 
short; karubi, near; Nika, mfuhi, short; fefi, near; Kamba, mu- 
guwe, short; waguwe, near; Pokomo, m/fuji, short; hafufi, near; 
Emboma, kufe, short; Mpongwe, pe and epe, short; Setshuana, 
gaufi, near; Kongo, koji, short. In both the form and import of 
this word, there is much to suggest that it may be radically a 
mere reduplication of pa, originally = papa, near by. 

11. Hzansi, pansi. The root nsi, or ansi, which occurs in 
ezanst (ext + ansini, contr. ezansi), the locative plural of an obso- 
lete Zulu noun izanst = sand, sea shore, bed of a river, and 
hence ezansi, signifying sea-ward, down country, lower down, 
aground—which root occurs also in panst (pa + nsi or ansi) = 
aground, on the ground, down, beneath, below, under; and 
is doubtless seen also in amanzi = water, the sharp aspirate 
s having passed over into the weaker 2 of the same organ— 
is found, in substance, still in use with a similar meaning, in 
many Zulu cognates: Nhalemoe, nshi, sand; Melon, nse, sand ; 
Ngoten, nshe; Mbofon and Udom, nshishe; Eafen, aseve ; Orun- 
gu, deseye, pl. maseye; Babuma, ndshie ; Undaza, eshei, pl. man- 
shei—sand; Fanti, nsu, water; Quilimane, nuinshi, river; Zulu, 
amanzi, water, loc. emanzini, in the water; Param, nzi and nze ; 
Papia, nshi and ndshi; Pati, ndsi; Bayon, ndshib; Mbamba 
and Bumbete, andsha and mandsha; Kiriman, mandshe—water. 
So also, Cape Delgado, madshi, water; pansi, low place; Tete 
and Sena, madzi, water; pandzi, low place; panze, or pandze, be- 
neath, on the ground; Sofala, madshz, water; pashi, low place; 
Quilimane, (Kiriman?), mandshe or mainshe, water; Maravi, 
madze or matse, water; panze, beneath, on the ground; Cape 
Delgado, sini, beneath; Suaheli, madshi or madyi, water; nii, 
earth; tni, below; tint ya-, under; Nika, mazi, water; 22, earth; 
zint, below; ztnt ya-, under; Kamba, mansi, water; ndi, earth; 
deo, below; deo ya-, under; Pokomo, mazi, water; nst, earth, 
below; msi ya-, under; Hiau, messi, water; past ya-, under; 
Setshuana, metse, water; dase or thlase, below, beneath, under. 

The connection between ezansi and pansi in the Zulu dialect, 
and many of the above words in its cognates, will be more appar- 
ent by observing that the s in these Zulu words has a kind of 
guttural aspiration, which some have attempted to represent by 
the use of ¢, and by writing the words, as they are generally 
written in the Kafir (Xosa) dialect, thus, ezants7, panis?. 

12. Pezulu, pezu. The adverb pezulu, preposition pezw = over, 
above, on, upon (pa, near, at, + ezwlu, sky, heaven), is found in 
many of the neighboring dialects. In some it consists of the 
noun alone; in others, of the noun and preposition pa, or va, as 
in the Isizulu; thus, Tete and Sena, pazuru or kuzuru, over, 
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above, up, upwards; Mosambique, vazulu, uzulu, ozulu, over, 
above ; en vazuru, above; Suaheli, ju, above; ju ya-, 
over; Nika, zulu, above; zulu ya-, over; Kamba, ulu, above; zulu 
ya-, over; Pokomo, zu, above; wlu wa-, over; so the Isizulu, 
pezulu, above; pezu kwa-, over. The noun itself may be traced 
much farther; the following are a few specimens of its forms in 
different dialects: Fanti, esuru, sky; Avekwom, ezube, sky; 
Kongo, ezulu; Emboma, zulu; Basunde and Babuma, yulu ; 
Mbomba and Bumbete, yolo; Kabenda, yilu and kuyilu; Kam- 
bali, asulo and ozulo—sky, heaven. 

13. Enhla, enhle, panhle. The preposition enhla, up, above; 
and the adverb enhle, in the field, abroad, without; also panhle 
(pa+ enhle), without, outside, abroad—are all derived from the 
noun inhla, an open field, waste, desert, wilderness, an unculti- 
vated, desolate section of country; hence, an elevated, up-land 
district, since the natives prefer the rivers and fertile valleys; and 
hence the significations of the adverbs and preposition, abroad, 
without, above. The Inhambane has papandshe ; Sofala, kund- 
sha; Tete and Sena, and Cape Delgado, kunsha and kundsha— 
without, outside; Suaheli, nde; Nika and Pokomo, nse; Kamba, 
nsa; and Setshuana, ka intle—without, abroad. 

14. Pakati (pa + kati, the root of wmkati, space; isikati, time) 
= in the midst, between, within, inside. Among kindred dia- 
lects we have the following: Delagoa, tshikarre ka-, in the midst 
of; Tete and Sena, mukat, within; pakati pa-, in the midst of; 
Cape Delgado, wakati wa-, in the midst of; Suaheli, kat, middle; 
kati, katikati, between; Nika, kahi, middle; kahikahi, between ; 
Kamba, kati, middle; kati ya-, between; Pokomo, kahi, middle; 
kahi kahi, between; Hiau, jerikati, middle; pajirikati, between; 
Mpongwe, gare, go gare, middle, centre, between; Setshuana, ka 
gare, between. 

15. Kamlhi, kumbe, pambi, pambili, kabili. In the words kam- 
bi, of course; kumbe, perhaps; pambi or pambili, in front, be- 
fore; and kabili, second (isibili, zimbili, etc., two), we find radi- 
cally the same element or elements, and the same generic idea, 
both in the Isizulu and in many of its kindred dialects, viz.: bv, 
mbi or mbe, bili, mbili, mbele = else, other, opposite ; and hence, 
second, two, in front, before, of course, perchance, perhaps, The 
root mbe is still heard occasionally, especially from the older 
men, as an adjective, in the sense of other, another; thus, a ngi 
Vazi tlizwi elimbe, I do not know another saying, proverb; so 
izindaba ezimbe, other matters (= tzindaba ezinye). this root, mbi, 
having final instead of e, is not uncommon in the Kafir (Xosa) 
diaiect, where it also signifies another, other, a different one. 
In some cognates of the Isizulu we find one element of the full 
form mbili or mbele, and in some another element; and in other 
cognates the two combined: thus, Pokomo, mdz, two; Ndob, be 
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and mbe; Kum, mbe and mba ; Bagba, Bamozu, and Momenya, 
mbe; Nhalemoe, Param, Papia, Pati, Musu, and Puka, mba— 
two; Kamba, ili, two; Kambali, ale, two; Suaheli, mbil: ; Nika, 
mbiri ; Kiriman, beli; Meto and Matatan, pei—two. Kamba, 
mbe ; Suaheli, mbele; Nika, Pokomo, Hiau, and Cape Delgado, 
mbere—before; Sena, kumbare, opposite; Tete, pambare, by the 
side; mbare, along beside; Sofala, pambedshe, before; Orungu, 
mbani, two; Mpongwe, mbani vant, ambani, two; mbe, or; kambe 
and kambenle, wherefore; Benga, tombeti, either, or; ibali, two; 
Wakuafi, arre, warre, two; Setshuana, gaberi, twice; kapele, be- 
fore; kampo, perhaps. So the verb, in Isizulu, pamba, cross, 
oppose; Mpongwe, simbia, oppose. We may notice also the 
resemblance, at least external, between some of these Hamitic 
words, as pambili, kapele, before, in front, and the Hebrew k’bel 
(>27), the front, over against, before. 

16. Kade, kude. Corresponding to the root de (ade, kude, long, 
far), the Kamba has ndi, far; Suaheli, nde, abroad; Mpongwe, 
da, nda, long; Setshuana, gute, far; gutena, far off; Galla, dera, 
high; Nika, kure, far; Tete and Sena, kutari, far, distant. 

17. Katshana. According to the form of this word, we must 
regard it as a diminutive of kati (wmkati, space) = a short space, 
a little distant, not far away. But the use of the word by the 
natives always indicates rather a long distance, remote, far away. 
Hence they sometimes define it by giving kade as a synonym; 
and they have recommended it as a proper rendering of such 

hrases as the prayer “be not far from me, O Lord” =U nga bi 
Intehane kumi, ’Nkos’. It would be more in accordance with the 
signification which the natives give this word, to suppose it a 
diminutive of de, far, long, distant, a formation not much un- 
like impanjana (impandzhana), from impande ; so kade, dim. ka- 
jana (kadzhana). The Efik has amjan, long; the Kongo, tshela, 
long; Sofala, tambo, far, which would make the diminutive tan- 
jana (tandzhana), little far; Mandingo, jang, long. 

18. Eduze= near, close, not far away; Galla, deo, near; Mo- 
sambique, uduli, after. 

19. Emva (emuva, ngemva, nga semva, kamva) = after, behind, 
in the rear. The Tete and Sena dialects have buio, mumbuio, 
kumbuio, after; ngambuire, beyond; Benga, ombuwha, behind ; 
Inhambane, muawe, behind. This word, emva, is a noun origin- 
ally, wmva, rear, from the verb va (uku va, to come) = come, 
follow after; from which verb we have also the noun wmvo, a 
remainder, or an excess over and above ten, twenty, thirty, or 
any exact number of tens—what comes after ten or tens. And, 
as the native counts with his fingers, when he has gone through 
with both hands and made up ten, he turns back = a buya, and 
goes over the same again. Hartha’. kisowlades of kindred dia- 
lects may show still closer relation than we now see, between the 
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two verbs, uku va, to come, follow after, and uku buya, to return. 
Already we find: in the Batanga, via, come; Mpongwe, dia ; 
Sofala, via; Mosambique, pia; Delagoa, buia—come; Nika, tua, 
follow; Suaheli, fwata, follow; Nika, wya, return. The Mpongwe 
has the adverbs fa and va, again. 

20. Neno, nganeno. The radical substance and general import 
of the adverb and preposition neno and nganeno, signifying on 
this side, prevail extensively in the cognates of the Isizulu. In 
some dialects its use corresponds to that of the Zulu apa ; and in 
some instances we find the two, or parts of the two, combined 
in one word; and in some dialects we find va, where others use 
either apa or neno. Thus, Hiau, hapano, here, hither; Suaheli, 
hapano, thence; Quilimane, uno; .Tete and Sena, kuno—here, 
on this side; Tete, zant kuno; Maravi, dzani kuno—come ye 
here; Mpongwe, gunu, here; Setshuana, monu, kuanu, here; 
kayenu, now, to-day; Quilimane, uvanene, now; Mosambique, 
nananu, nanano, now, soon, just now; Tete, zapanupanu, now. 
In Isizulu and Inhambane we have apa; in Tete and Sena, kuno; 
and in Mosambique, va—here. 

This adverb and preposition neno is evidently compounded 
of a preposition (in the Zulu, na), and the pronoun second per- 
son plural (in the Isizulu, the conjunctive, genitive form, inu or 
enu, the sharp final wu being softened to 0; thus na + inw or eno, 
= neno) = within from you, between the person speaking and 
those addressed, this side of, hither, here; as nganeno kwako, this 
side of thee. Hence si lapa, we are here present (apa, close by) 
= st nenu, we are with you, on this side of (from which we ad- 
dress) you. So in Tete and Sena, kuno (= ku, to, by, + no, soft- 
ened from the suffix pronoun nw [as in anu, wanu, zanu, etc. = 
yours, of you])= by you; Suaheli, hapano (pa or apa, by, + the 
pronoun nui); Hiau, hapano—thence, hither, here; Setshuana, 
monu (mo, in, among, + enu, suffix pronoun second person plu- 
ral)= here. So kuanu (kua, at, + enu)= here; Mpongwe, gunu 
(go, at, to, + anuwe, ye, contr. nu)=here. See also Tete, zapa- 
nupanu; Quilimane, uvanene; and Mosambique, nananu, nanano 
—now, soon. 

21. Malungana (adverbial prefix ma, + lungana, be straight 
with—reciprocal form of the verb lunga, be straight, right) = 
straight with, over against, opposite to, side by side, near. 

22. Kodwa. The Isizulu has kodwa (ka + udwa or odwa) = 
only, simply, singly ; and its various pronominal forms, as nged- 
wa, sodwa, yedwa, bodwa, zodwa, etc., I, we, he, or they alone. 
The Inhambane has modo, muedo, one; Quilimane, moda, modze, 
one; Mosambique, moza ; Maravi, modze; Kasands, Songo, and 
Kisama, moshi and most; Meto, modshi; Matatan, motsa and 
moza—one; the Galla and Pokomo, koda, a part, portion; the 
Galla, dua or duwa, empty, void, merely; thus the Galla, ini 
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harka duwa dujfe, he comes with empty hands (i. e. hands alone, 
hands only) = Isizulu, izanhla zodwa. 

23. Kanti (ka + nti or anti, the contrary, but) = on the con- 
trary, but, whereas, yet, nevertheless; Setshuana, anti, whilst; 
Kamba, ndi, but, yet; Mpongwe, ndo, but; kande, because ; 
Mandingo, warante, or, or else. Query—has this word any con- 
nection with the Greek évzi, Latin ante? 

24. Ze, vain, empty, naked; noun, ize, ilize, also ubuze, vanity, 
emptiness, nakedness, nothing; Sena, peze (pa + ze), false; pezt, 
in vain; zapezi, empty; Mpongwe, zye/e, not, nothing. 

25. Kakulu (ka, of, + kulu, great; verb, uku kula, to grow 
large) = greatly. The root of this word is very common in the 
kindred Telote: thus, in the Delagoa, the adjective kulu, great; 
Inhambane, kongolo ; Sofala, guru; Tete and Sena, kuru ; Cape 
Delgado, kulu—great. So in the Nika, mkulu ; Pokomo, mku ; 
Kiriman, ula ; Kisama, Lubalo, and Longo, kolu; Kasands, gola ; 
Orungu, mpolo; Mpongwe, polu and mpolu—great; Setshuana, 
hagolu, greatly. 

26. Kutangi, day before yesterday; Suaheli, tangu, since; tangu 
miaka miwih, since two years; Nika and Pokomo, hangu, since ; 
hangu miaka muri, since two years; Pulo, hank, yesterday. 

27. Izolo, yesterday ; Delagoa, atolo; Sofala, Tete and Sena, 
zuru; Quilimane, nzura, nzilo ; Maravi, dzulo; Nika and Poko- 
mo, zana; Kongo and Basunde, zono ; Kiriman, nzilo ; Nyombe, 
om ; Mimboma, ozono; Musentandu, zonu; Ngoala, ezo—yes- 
terday. 

28° Kusasa (ku, it, + sa, yet, +sa, dawns; ekusent, locative case 
of ukw sa, to dawn) = early (to-morrow morning) ; Mosambique, 
utana, early; utsha, utshaka, in the twilight; Kamba, katene, early. 

29. Emini, at mid-day, in the day-time; Avekwom, emzni, to- 
day; Efik, zm/in, to-day. 

30. Intamboma, ’matambam’, afternoon, towards evening; Cape 
Delgado, ruremba, evening; Delagoa, adiamba va-pela, sunset; 
Inhambane, dambo ya gubele, sunset. 

31. Ngomso (nga + umso, in the morning) = to-morrow, from 
the verb uku sa, to dawn; Cape Delgado, matsesu; Pokomo, 
keso ; Suaheli, kesho ; Setshuana, usasane,—to-morrow. 

32. Namhla (na + umhla, with the day, this very day)=to-day; 
Delagoa, namasha; Sofala, nyamashi; Inhambane, nyanse, to-day. 

83. Ngemihla (nga + imihla, pl. of umhla, day—by days)=daily ; 
Sena, tseko-zonke ; Mpongwe, ntshug’ wedu, (every day)—daily. 

34. Hndulo, anciently ; mandulo, at first (from uwkwandula, an- 
dulela, to precede, be first); Mosambique, nyululu, old; Hiau, 
longola ; Nika, longola mbere; Suaheli, tangulia mbele—precede. 

35. Kanye, knnye (ka, ku, + nye, one)= once, at once, together ; 
Tete, kabos: ; Sena, kabozi ; Nika, vamenga ; Kamba, wamue; Poko- 
mo and Mosambique, vamoza; Setshuana, gangue—once, together. 
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86. Kaningi, kuningt (ka, ku, + ningi, much, many) = often, 
much, enough, plentifully; Delagoa, nyinge; Inhambane, singi, 
tingi; Tete and Sena, zinshe ; Mosambique, indshe ; Cape Delga- 
do, nyingi—much ; Suaheli, Nika, and Pokomo, nenji; Mpong- 
we, nyenge ; Setshuana, gantsi—much, often. 

37. Kahle, kuhle (ka, ku, + hle, nice) = well, nicely, beauti- 
fully; Nika, wizo; Kamba, neza; Setshuana, singtle—well. 

88. Futi, again, often; Sena, futz, since; Mpongwe, /a, again. 
Compare Gothic, ufta; English and Saxon, oft, often, ete. 

39. Naa (noun inxa =side, sake, portion, interest) = where, 
if, when. Ngenxa (nga + inxa), on account of. 

40. Ko, a word, or part of a word, probably from the verb ka; 
usually classed as an adverb, and used sometimes by itself, espe- 
cially in a negative connection, but more frequently in composi- 
tion, to signify present, extant, in being, here, there. The Tete 
and Sena dialects have wko, there; Suaheli and Pokomo, Auko ; 
Nika, Aiko; Hiau, akoko—there; Setshuana, mo, kua; and 
Mpongwe, gogo—there. 

41. Konje, manje = immediately, now, speedily, are generally 
supposed to be compounded of the adverbial preformative ko or 
ma, and nje= thus, so, in like manner. But the ordinary use of 
mye nja, does not readily suggest the idea generally expressed by 
these words konje, manje = immediately, etc., unless we are to 
suppose that the notion of similarity, which za is used to ex- 
press, bears hard upon the notion of sameness = same time, at 
once—a suggestion which has some color of support from the 
use of the probable synonym ga in the Mpongwe dialect, which 
is there defined as signifying both like and same. For further 
remarks on these words, see the next. 

42. Masinyane (masinya, kamsinyane, kamsinya) = soon, im- 
mediately, speedily, quick, now, was probably derived from some 
noun or verb (now obsolete in the Isizulu), signifying speed, 
to hasten, be quick. And keeping in mind the laws of muta- 
tion among consonants in the Isizulu and its cognates—that s 
sometimes gives place to és ; that b changes to tsh, and sometimes 
toy; mto ny; and mb, to nj—bearing in mind also that the 
nasal m or 7 is not really radical in some words, but introduced 
to soften down the hard elastic nature of a mute, m being taken 
by a labial, and n by a lingual—it is not improbable that further 
researches may prove both manje and masinyane, and possibly 
the verb tshetsha, to have a common origin, and to be, perhaps, 
radically the same as some of the following words in cognate 
dialects: Sofala, Nika, and Pokomo, sambi, now; Cape Delgado, 
sambe (changing mb to nj = sanje, meaning the same as the Zulu 
manje) = now; Hiau, sambano; Tete and Sena, ku tshimbetsa— 
quick; tshembitsa, shimbisa, shimbisisa, tshimbiza, fast, quickly ; 
ku tshimbr-tshimli, tshambizino, immediately, soon. 
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Now take one of these words, the verb shimbisa, change the 
causative into the reciprocal form, shimbana, restore the radical 
consonants to their original strength and simplicity, sh to s, and 
mb to b, and we have sibana, the form of which in the locative 
would be sinyaneni, contr. sinyane; and prefixing the adverbial 
incipient ma, we have masinyane; and from this, by prefixing ka, 
we have kamasinyane, contr. kamsinyane ; contr. again, kamsinya. 

43. Ngesibomu, ngamabomu (nga + isibomu or amabomu, pur- 
pose, design) = by design, on purpose, willfully; Nika, mbomu, 
great; wbomu, greatness. 

44. Nja, nje, an adverbial particle, signifying like, as, so, thus, 
and used, for the most part, in composition; thus, njalo, njanz, 
njenga, konje. Kamba, jau? how? Hiau, kua jyi? how? Man- 
dingo, nya, a manner, a method; nyadi? how? in what way? 
Mpongwe, ga, like, same; egalent, like, similar; Benga, nja? 
who? what? Setshuana, yaka, yualeka, as, like; ywana or yana, 
yualo or yalo, thus. 

45. Njalo (nja, like, + lo, dem. adv., this) = like this, so, thus, 
likewise. Kanjalo (ka + ryalo), thus, so, likewise. Inhambane, 
kararo, thus; Galla, akana, thus; Mpongwe, ga, egaleni, yena, 
= and ka, so, thus, after this fashion; Setshuana, yualo, yalo, 
thus. 

46. Ini? (i, it, + nt? what? yini, euphonic y + ini; yini na?) 
= why? whether? Inhambane, para kinani? why? Quilimane, 
parant? why? Cape Delgado, nini? why? Suaheli, Nika, and 
Pokomo, kuani? why? 

47. Nganina? (nga, with or by, + ni? what?) = how? why? 
wherefore? Inhambane, para kinani? why? Sofala, ngenye? 
why? Quilimane, parani? why? Suaheli, kuani? kua nini? 
gani? Nika and Pokomo, kuani? nini?—why? wherefore? 

48. Njani na? kanjani na? (ka + nja + ni?) = how? like 
what? Inhambane, karini? how? Sena, kutani? Suaheli, Nika, 
and Pokomo, kuani? nini?—how ? 

49. Nini na? (ni? what? + ni? what?) = when? Sofala, 
Tete and Sena, Nika, and Hiau, rint? Quilimane and Mosam- 
bique, ini ?—when ? 

50. Ai, the negative a prolonged and strengthened by the aid 
of the vowel 2, and sometimes also by the semivowel y, ayi; or 
it may take also an initial breathing A, giving hat, or hayi—no. 
The Mosambique has vai; Maravi, tai; Tete, ai-ai; Mandingo, 
a-a ; Setshuana, ga—no. 

51. Artshe (ax, no, + tshe, no, obsolete in the Isizulu, but still 
in use among the Betshuana) = no, not so, not that, but; Sua- 
heli, sifio; Nika, sefio—no. 

52. Amanga, a noun plural, signifying deception, falsehood, 
pretense; hence the adverbial meaning, no, not so, it is false— 
from the verb uku unga, to feign, deceive, entice. This root 
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unga si still found all along the eastern coast of Africa, in both 
nouns and verbs, all of the same import as amange and uku 
unga in the Isizulu; thus, Cape Delgado, wlongo, it is false, a 
falsehood, a lie; si ulongo, it is not a lie; Suaheli, urongo, a lie; 
nena urongo, to tell a lie; Nika, ulongo, a lie, to tell a lie; Kam- 
ba, uwungu, a lie; a jia wwungu, to tell a lie; Pokomo, muongo, 
alie; Hiau, anga, a lie; Mpongwe, noka; Setshuana, aka—to lie. 

53. Hwe, a simple form of assent = yes; Suaheli, ewwa; Kam- 
bo, uo, wiw—yes. 

54. Hhe, an expression of assent = yes, it is so. Mpongwe, 
th; Mandingo, aha; Benga and Setshuana, e or eh—yes. 

55. Jishi, ttshilo—the first form a contraction of the second 
(the pronoun ¢, referring to inkosi, the chief, + tshilo, the present 

erfect tense of ésho, speak) = he has spoken, assented, affirmed ; 

ence, yes, truly, it must be so. 

56. Yebo (ye + bo) = yes, indeed! Setshuana, ebo; Mandingo, 
yei—yes. 

In the Isizulu, as in many other languages, especially among 
the tribes of Africa, the same word appears, according to its use 
and connection, sometimes as an adverb, and sometimes as a 
preposition, or as a conjunction. Several words which are used 
in the twofold capacity of an adverb and a preposition, when 
they serve as the latter, are always followed by another, as by 
kwa or na; thus, pezu kwomuti (kwa + umuti), upon the tree; 
eduze nentaba (na + intaba), near the mountain. 

This use of a complemental preposition prevails in many of 
the cognates of the Isizulu; thus, in the Tete and Sena, pakati 
pa-, in the midst of; as pakati patsika, in the midst of the night, 
midnight; Inhambane, bakari nya-; as bakari nyaushigu, in the 
midst of the night, midnight; Delagoa, tshikare kadiambo, mid- 
day; Mosambique, nzua va-; as nzua vamuru, midday; Ca 
Delgado, wakat: wa-; as wakati wamfula, in the midst of the 
rainy season, winter. So in the Suaheli, tnd ya-, under; ju ya-, 
over; Nika, zini ya-, under; zulu ya-, over; Pokomo, nsi ya-, 
under; ulu wa-, over; Hiau, past ya-, under, etc., like the Zulu 
panst kwa-, under, pezu kwa-, over. Or perhaps these and similar 
examples should be considered as instances of prepositions fol- 
lowed by the genitive, and more like the use of ngenxa ya- ; 
thus, ngenxa yake, on account of him, for cause of him. In fact, 
all examples of this kind serve to confirm the opinion that many 
of the prepositions were originally nouns, 


Umsunduzi, May 8th, 1858. 
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Inrropuctrory Nore. 


Soon after my entrance upon the missionary field, in the Maratha 
country of western India, in the year 1839, my attention was directed 
to the preparation, in the Marathi language, of an astronomical text- 
book for schools. I was thus led to a study of the Hindu science of 
astronomy, as exhibited in the native text-books, and to an examination 
of what had been written respecting it by European scholars. I at 
once found myself, on the one hand, highly interested by the subject 
itself, and, on the other, somewhat embarrassed for want of a satisfactory 
introduction to it. A comprehensive exhibition of the Hindu system had 
nowhere been made. The Astronomie Indienne of Bailly, the first ex- 
tended work upon its subject, had long been acknowledged to be founded 
upon insufficient data, to contain a greatly exaggerated estimate of the 
antiquity and value of the Hindu astronomy, and to have been written 
for the purpose of supporting an untenable theory. The articles in the 
Asiatic Researches, by Davis, Colebrooke, and Bentley, which were the 
first, as they still remain the most important, sources of knowledge re- 
specting the matters with which they deal, relate only to particular 
points in the system, of especial prominence and interest. Bentley’s 
volume on Hindu astronomy is mainly occupied with an endeavor to 
ascertain the age of the principal astronomical treatises, and the epochs 
of astronomical discovery and progress, and is, moreover, even in these 
respects, an exceedingly unsafe guide. The treatment of the subject by 
Delambre, in his History of Ancient Astronomy, being founded only 
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upon Bailly and the earliest of the essays in the Asiatic Researches, 
partakes, of course, of the incompleteness of his authorities. Works 
of value have been published in India also, into which more or less of 
Hindu astronomy enters, as Warren’s K&la Sankalita, Jervis’s Weights 
Measures and Coins of India, Hoisington’s Oriental Astronomer, and 
the like; but these, too, give, for the most part, hardly more than the 
practical processes employed in parts of the system, and they are, like 
many of the authorities already mentioned, only with difficulty accessi- 
ble. In short, there was nothing in existence which showed the world 
how much and how little the Hindus know of astronomy, as also their 
mode of presenting the subject in its totality, the intermixture in their 
science of old ideas with new, of astronomy with astrology, of observa- 
tion and mathematical deduction with arbitrary theory, mythology, 
coneey: and pure imagination. It seemed to me that nothing would 
so well supply the deficiency as the translation and detailed explication 
of a complete treatise of Hindu astronomy: and this work I accord- 
ingly undertook to execute. 

Among the different SiddhAntas, or text-books of astronomy, existing 
in India in the Sanskrit language, none appeared better suited to my 
purpose than the Sarya-Siddhanta. That it is one of the most highly 
esteemed, best known, and most frequently employed, of all, must be 
evident to any one who has noticed how much oftener than any other 
it is referred to as authority in the various papers on the Hindu astron- 
omy. In fact, the science as practised in modern India is in the greater 
part founded upon its data and processes. In the lists of SiddhAntas 
yiven by native authorities it is almost invariably mentioned second, the 
Brahma-Siddhanta being placed first : the latter enjoys this preminence, 
perhaps, mainly on account of its name; it is, at any rate, compara- 
tively rare and little known. For completeness, simplicity, and concise- 
ness combined, the Sirya-Siddhanta is believed not to be surpassed by 
any other. It is also more easily obtainable. In general, it is difficult, 
without official influence or exorbitant pay, to gain possession of texts 
which are rare and held in high esteem. During my stay in India, I 
was able to procure copies of only three astronomical treatises besides 
the Sarya-Siddhanta; the Cakalya-Sanhitaé of the Brahma-Siddhanta, 
the SiddhAnta-Ciromani of Bhaskara, and the Graha-Laghava, of which 
the two latter have also been printed at Calcutta. Of the Strya- 
Siddh&nta I obtained three copies, two of them giving the text alone, 
and the third also the commentary entitled Gidharthaprakicaka, by 
Rangan&tha, of which the date is unknown to me. The latter manu- 
script agrees in all respects with the edition of the Sirya-Siddhanta, 
accompanied by the same commentary, of which the publication, in the 
series entitled Bibliotheca Indica, has been commenced in India by 
an American scholar, and a member of this Society, Prof. Fitz-Edward 
Hall of Benares; to this I have also had access, although not until my 
work was nearly completed. 

My first rough draft of the translation and notes was made while I 
was still in India, with the aid of Brahmans who were familiar with the 
Sanskrit and well versed in Hindu astronomical science." In a few points 
also I received help from the native Professor of Mathematics in the 
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Sanskrit College at Paina. But notwithstanding this, there remained 
not a few obscure and difficult points, connected with the demonstration 
and application of the processes taught in the text. In the solution of 
these, I have received very important assistance from the Committee of 
Publication of the Society. They have also—the main share of the 
work falling to Prof. Whitney—enriched the notes with much additional 
matter of value. My whole collected material, in fact, was placed in 
their hands for revision, expansion, and reduction to the form best 
answering to the requirements of modern scholars, my own engrossing 
occupations, and distance from the place of publication, as well as my 
confidence in their ability and judgment, leading me to prefer to intrust 
this work to them rather than to undertake its execution myself. 

We have also to express our acknowledgments to Mr. Hubert A. 
Newton, Professor of Mathematics in Yale College, for valuable aid ren- 
dered us in the more difficult demonstrations, and in the comparison of 
the Hindu and Greek astronomies, as well as for his constant advice and 
suggestions, which add not a little to the value of the work. 


The Strya-Siddhanta, like the larger portion of the Sanskrit litera- 
ture, is written in the verse commonly called the ¢loka, or in stanzas of 
two lines, each line being composed of two halves, or pddas, of eight 
syllables each. With its metrical form are connected one or two pecu- 
liarities which call for notice. In the first place, for the terms used 
there are often many synonyms, which are employed according to the 
exigencies of the verse: thus, the sun has twelve different names, Mars 
six, the divisions of time two or three each, radius six or eight, and so 
on. Again, the method of expressing numbers, large or small, is by 
naming the figures which compose them, beginning with the last and 
going backward; using for each figure not only its own proper name, 
but that of any object associated in the Hindu mind with the number it 
represents. Thus, the number 1,577,917,828 (i. 37) is thus given: 
Vasu (a class of deities, eight in number) -two-eight-mountain (the seven 
mythical chains of mountains) -form-figure (the nzne digits) -seven-moun- 
tain-lunar days (of which there are fifteen in the half-month). Once 
more, the style of expression of the treatise is, in general, excessively 
concise and elliptical, often to a degree that would make its meaning 
entirely unintelligible without a commentary, the exposition of a native 
teacher, or such a knowledge of the subject treated of as should show 
what the text must be meant to say. Some striking instances are 
pointed out in the notes. This over-conciseness, however, is not wholly 
due to the metrical form of the treatise: it is characteristic of much of 
the Hindu scientific literature, in its various branches; its text-books are 
wont to be intended as only the text for written comment or oral expli- 
cation, and hint, rather than fully express, the meaning they contain. 
In our translation, we have not thought it worth while to indicate, by 
parentheses or otherwise, the words and phrases introduced by us to 
make the meaning of the text evident: such a course would occasion 
the reader much more embarrassment than satisfaction. Our endeavor 
is, in all cases, to hit the true mean between unintelligibility and diffuse- 
ness, altering the phraseology and construction of the original only so 
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far as is necessary. In both the translation and the notes, moreover, 
we keep steadily in view the interests of the two classes of readers for 
whose benefit the work is undertaken: those who are orientalists with- 
out being astronomers, and those who are astronomers without being 
orientalists. For the sake of the former, our explanations and demon- 
strations are made more elementary and full than would be necessary, 
were we addressing mathematicians only: for the sake of the latter, we 
cast the whole into a form as occidental as may be, translating every 
technical term which admits of translation: since to compel all those who 
may desire to inform themselves respecting the scientific content of the 
Hindu astronomy to learn the Sanskrit technical language would be 
highly unreasonable. To furnish no ground of complaint, however, to 
those who are familiar with and attached to these terms, we insert them 
liberally in the translation, in connection with their English equivalents. 
The derivation and literal signification of the greater part of the tech- 
nical terms employed in the treatise are also given in the notes, since 
such an explanation of the history of a term is often essential to its 
full comprehension, and throws valuable light upon the conceptions of 
those by whom it was originally applied. 

We adopt, as the text of our translation, the published edition of the 
Siddhanta, referred to above, following its readings and its order of ar- 
rangement, wherever they differ, as they do in many places, from those 
of the manuscripts without commentary in our possession. The dis- 
cordances of the two versions, when they are of sufficient consequence 
to be worth notice, are mentioned in the notes. 

As regards the transcription of Sanskrit words in Roman letters, we 
need only specify that ¢ represents the sound of the English ch in 
“church,” Italian ¢ before e and i: that j is the English j: that ¢ is pro- 
nounced like the English sk, German sch, French ch, while sh is a sound 
nearly resembling it, but uttered with the tip of the tongue turned back 
into the top of the mouth, as are the other lingual letters, t, d, n: 
finally, that the Sanskrit r used as a vowel (which value it has also in 
some of the Slavonic dialects) is written with a dot underneath, as r. 

The demonstrations of principles and processes given by the native 
commentary are made without the help of figures. The figures which 
we introduce are for the most part our own, although a few of them 
were suggested by those of a set obtained in India, from native mathe- 
maticians. 

For the discussion of such general questions relating to this Siddhanta 
as its age, its authorship, the alterations which it may have undergone 
before being brought into its present form, the stage which it represents 
in the progress of Hindu mathematical science, the extent and character 
of the mathematical and astronomical knowledge displayed in it, and 
the relation of the same to that of other ancient nations, especially of 
the Greeks, the reader is referred to the notes upon the text. The form 
in which our publication is made does not allow us to sum up here, in 
a preface, the final results of our investigations into these and kindred 
topics. It may perhaps be found advisable to present such a summary 
at the end of the article, in connection with the additional notes and 
other matters to be there given. 
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CHAPTER LI. 


OF THE MEAN MOTIONS OF THE PLANETS. 


Contents :—1, homage to the Deity ; 2-9, revelation of the present treatise; 10-11, 
modes of dividing time ; 11-12, subdivisions of 1 day; 12-14, of a year; 14-17, 
of the Ages; 18-19, of an Alon; 20-21, of Brahma’s life; 21-23, part of it 
already elapsed; 24, time occupied in the work of creation; 25-27, general 
account of the movements of the planets ; 28, subdivisions of the circle; 29-33, 
number of revolutions of the planets, and of the moon’s apsis and node, in an 
Age; 34-39, number of days and months, of different kinds, in an Age; 40, in an 
fon ; 41-44, number of revolutions, in an on, of the apsides and nodes of the 
planets ; 45-47, time elapsed from the end of creation to that of the Golden Age ; 
48-51, rule for the reduction to civil days of the whole time since the creation ; 
51-52, method of finding the lords of the day, the month, and the year; 53-54, 
rule for finding the mean place of a planet, and of its apsis and node; 565, to find 
the current year of the cycle of Jupiter; 56, simplification of the above calcula- 
tions; 57-58, situation of the planets, and of the moon’s apsis and node, at the 
end of the Golden Age; 59-60, dimensions of the earth; 60-61, correction, for 
difference of longitude, of the mean place of a planet as found; 62, situation of 
the principal meridian ; 63-65, ascertainment of difference of longitude by differ- 
ence between observed and computed time of a lunar eclipse; 66, difference of 
time owing to difference of longitude ; 67, to find the mean place of a planet for 
any required hour of the day; 68-70, inclination of the orbits of the planets. 


1. To him whose shape is inconceivable and unmanifested, 
who is unaffected by the qualities, whose nature is quality, 
whose form is the support of the entire creation—to Brahma be 
homage ! 


The usual propitiatory expression of homage to some deity, with 
which Hindu works are wont to commence. 


2. When but little of the Golden Age (kria yuga) was left, a 
great demon (asura), named Maya, being desirous to know that 
mysterious, supreme, pure, and exalted science, 

3. That chief auxiliary of the scripture (vedénga), in its en- 
tirety—the cause, namely, of the motion of the heavenly bodies 
(jyotis), performed, in propitiation of the Sun, very severe re- 
ligious austerities. 
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According to this, the Stirya-Siddh4nta was revealed more than 
2,164,960 years ago, that amount of time having elapsed, according to 
Hindu reckoning, since the end of the Golden Age; see below, under 
verse 48, for the computation of the period. As regards the actual 
date of the treatise, it is, like all dates in Hindu history and the history 
of Hindu literature, exceedingly difficult to ascertain. It is the more 
difficult, because, unlike most, or all, of the astronomical treatises, the 
Sarya-Siddhanta attaches itself to the name of no individual as its 
author, but professes to be a direct revelation from the Sun (sé#rya). A 
treatise of this name, however, is confessedly among the earliest: text- 
books of the Indian science. It was one of the five earlier works upon 
which was founded the Pafica-siddhantika, Compendium of Five As- 
tronomies, of Vardha-mihira, one of the earliest astronomers whose works 
have been, in part, preserved to us, and who is supposed to have lived 
about the beginning of the sixth century of our era. A Sarya-Siddhanta 
is also referred to by Brahmagupta, who is assigned to the close of the 
same century and the commencement of the one following. The argu- 
ments by which Mr. Bentley (Hindu Astronomy, p. 158, etc.) attempts 
to prove Varaha-mihira to have lived in the sixteenth century, and his 
professed works to be forgeries and impositions, are sufficiently refuted 
by the testimony of al-Birtini (the same person as the Abu-r-Raihan, so 
often quoted in the first article of this volume), who visited India under 
Mahmiid of Ghazna, and wrote in A. D. 1031 an account of the coun- 
try: he speaks of Varaha-mihira and of his Pafica-siddhantika, assign- 
ing to both nearly the same age as is attributed to them by the modern 
Hindus (see Reinaud in the Journal Asiatique for Sept.—Oct. 1844, ivme 
Série, iv. 286; and also his Mémoire sur I’Inde). He also speaks of the 
Sarya-Siddhanta itself, and ascribes its authorship to Lata (Mémoire sur 
Inde, pp. 331, 332), whom Weber (Vorlesungen iiber Indische Litera- 
turgeschichte, p. 229) conjecturally identifies with a Ladha who is cited 
by Brahmagupta. Bentley has endeavored to show by internal evi- 
dence that the Sirya-Siddhanta belongs to the end of the eleventh 
century: see below, under verses 29-34, where his method and results 
are explained, and their value estimated. 

Of the six Vedangas, “limbs of the Veda,” sciences auxiliary to the 
sacred scriptures, astronomy is claimed to be the first and chief, as rep- 
resenting the eyes; grammar being the mouth, ceremonial the hands, 
prosody the feet, etc. (see Siddh4nta-Ciromani, i. 12-14). The import- 
ance of astronomy to the system of religious observance lies in the fact 
that by it are determined the proper times of sacrifice and the like. 
There is a special treatise, the Jyotisha of Lagadha, or Lagata, which, 
attaching itself to the Vedic texts, and representing a more primitive 

hase of Hindu science, claims to be the astronomical Vedanga; but it 
is said to be of late date and of small importance. 

The word jyotis, “heavenly body,” literally “light,” although the 
current names for astronomy and astronomers are derived from it, does 
not elsewhere occur in this treatise. 


4, Gratified by these austerities, and rendered propitious, the 
Sun himself delivered unto that Maya, who besought a boon, 
the system of the planets. 
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The blessed Sun spoke: 

5. Thine intent is known to me; I am gratified by thine aus- 
terities ; I will give thee the science upon which time is founded, 
the grand system of the planets. 

6. No one is able to endure my brilliancy; for communication 
I have no leisure; this person, who is a part of me, shall relate 
to thee the whole. 


The manuscripts without commentary insert here the following verse : 

“Go therefore to Romaka-city, thine own residence; there, under- 
going incarnation as a barbarian, owing to a curse of Brahma, I will 
impart to thee this science.” 

If this verse really formed a part of the text, it would be as clear 
an acknowledgment as the author could well convey indirectly, that 
the science displayed in his treatise was derived from the Greeks. 
Romaka-city is Rome, the great metropolis of the West; its situation is 
given in a following chapter (see xii. 39) as upon the equator, ninety 
degrees to the west of India. The incarnation of the sun there as a 
barbarian, for the purpose of revealing astronomy to a demon of the 
Hindu Pantheon, is but a transparent artifice for referring the foreign 
science, after all, to a Hindu origin. But the verse is clearly out of 
place here; it is inconsistent with the other verses among which it 
occurs, which give a different version of the method of revelation. 
How comes it here then? It can hardly have been gratuitously devised 
and introduced. The verse itself is found in many of the manuscripts 
of this Siddhanta; and the incarnation of the Sun at Romaka-city, 
among the Yavanas, or Greeks, and his revelation of the science of 
astronomy there, are variously alluded to in later works; as, for instance, 
in the Jiiana-bhaskara (see Weber’s Catalogue of the Berlin Sanskrit 
Manuscripts, p. 287, etc.), where he is asserted to have revealed also the 
Romaka-Siddhanta. Is this verse, then, a fragment of a different, and 
perhaps more ancient, account of the origin of the treatise, for which, 
as conveying too ingenuous a confession of the source of the Hindu 
astronomy, another has been substituted later? Such a supposition, 
certainly, does not lack plausibility. There is something which looks 
the same way in the selection of a demon, an Asura, to be the medium 
of the sun’s revelation; as if, while the essential truth and value of the 
system was acknowledged, it were sought to affix a stigma to the source 
whence the Hindus derived it. Weber (Ind. Stud. ii. 243; Ind. Lit. p. 
225), noticing that the name of the Egyptian sovereign Ptolemaios 
occurs in Indian inscriptions in the form Turamaya, conjectures that 
Asura Maya is an alteration of that name, and that the demon Maya ac- 
cordingly represents the author of the Almagest himself; and the conjec- 
ture is powerfully supported by the fact that al-Birdini (see Reinaud, as 
above) ascribes the Paulica-Siddhanta, which the later Hindus attribute 
to a Puliga, to Paulus al-Yfnani, Paulus the Greek, and that another of the 
astronomical treatises, alluded to above, is called the Romaka-Siddhanta. 

It would be premature to discuss here the relation of the Hindu 
astronomy to the Greek; we propose to sum up, at the end of this 
work, the evidence upon the subject which it contains. 
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7. Thus having spoken, the god disappeared, having given 
directions unto the part of himself. This latter person thus ad- 
dressed Maya, as he stood bowed forward, his hands suppliantly 
joined before him: 

8. Listen with concentrated attention to the ancient and exalted 
science, which has been spoken, in each successive Age, to the 
Great Sages (maharshi), by the Sun himself. 

9. This is that very same original text-book which the Sun of 
old promulgated: only, by reason of the revolution of the Ages, 
there is here a difference of times. 


According to the commentary, the meaning of these last verses is 
that, in the successive Great Ages, or periods of 4,320,000 years (see 
below, under vv. 15-17), there are slight differences in the motions of 
the heavenly bodies, which render necessary a new revelation from time 
to time on the part of the Sun, suited to the altered conditions of things; 
and that when, moreover, even during the continuance of the same Age, 
differences of motion are noticed, owing to a difference of period, it is 
customary to apply to the data given a correction, which is called bdéja, 
All this is very suitable for the commentator to say, but it seems not a 
little curious to find the Sun’s superhuman representative himself in- 
sisting that this his revelation is the same one as had formerly been 
made by the Sun, only with different data. We cannot help suspecting 
in the ninth verse, rather, a virtual confession on the part of the promul- 
gators of this treatise, that there was another, or that there were others, 
in existence, claiming to be the sun’s revelation, or else that the data 
presented in this were different from those which had been previously 
current as revealed by the Sun. We shall have more to say hereafter 
(see below, .under vv. 29-34) of the probable existence of more than 
one version of the Sfirya-Siddhanta, of the correction called bija, and 
of its incorporation into the text of the treatise itself. The repeated 
revelation of the system in each successive Great Age, as stated in verse 
8, presents no difficulty. It is the Puranic doctrine (see Wilson’s Vishnu 
Purdna, p. 269, etc.) that during the Iron Age the sources of knowledge 
become either corrupted or lost, so that a new revelation of scripture, 
law, and science becomes necessary during the Age succeeding. 


10. Time is the destroyer of the worlds; another Time has 
for its nature to bring to pass. This latter, according as it is 

oss or minute, is called by two names, real (m@rta) and unreal 
amtrta). 


There is in this verse a curious mingling together of the poetical, the 
theoretical, and the practical. To the Hindus, as to us, Time is, in a 
metaphorical sense, the great destroyer of all things; as such, he is 
identified with Death, and with Yama, the ruler of the dead. Time, 
again, in the ordinary acceptation of the word, has both its imaginary, 
and its appreciable and practically useful divisions : the former are called 
real (mirta, literally “embodied”), the latter unreal (amérta, literally 
“ynembodied”). The following verse explains these divisions more fully. 
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The epithet kalundtmaka, applied to actual time in the first half of 
the verse, is not easy of interpretation. The commentary translates it 
“is an object of knowledge, is capable of being known,” which does not 
seem satisfactory. It evidently contains a suggested etymology (kéla, 
“time,” from kalana), and in translating it as above we have seen in it 
also an antithesis to the epithet bestowed upon Time the divinity. 
Perhaps it should be rather “ has for its office enumeration.” 


11. That which begins with respirations (prdma) is called real ; 
that which begins with atoms (éruf/) is called unreal. Six respi- 
rations make a vinddi, sixty of these a nddi ; 

12. And sixty nddis make a sidereal day and night. ... 

The manuscripts without commentary insert, as the first half of v. 11, 
the usual definition of the length of a respiration: “the time occupied 
in pronouncing ten long syllables is called a respiration.” 

The table of the’divisions of sidereal time is then as follows : 


10 long syllables (gurvakshara) = 1 respiration (prdna, period of four seconds) ; 


6 respirations = 1 vinddi (period of twenty-four seconds) ; 
60 vinadis = 1 nadi (period of twenty-four minutes) ; 
60 nadis = 1 day. 


This is the method of division usually adopted in the astronomical 
text-books: it possesses the convenient property that its lowest sub- 
division, the respiration, is the same part of the day as the minute is of 
the circle, so that a respiration of time is equivalent to a minute of 
revolution of the heavenly bodies about the earth. The respiration is 
much more frequently called asu, in the text both of this and of the 
other Siddhantas. The vinddi is practically of small consequence, and 
is only two or three times made use of in the treatise: its usual modern 
name is pala, but as this term nowhere occurs in our text, we have not 
felt justified in substituting it for vinddi. For n&di also, the more 
common name is danda, but this, too, the Stirya-Siddhanta nowhere 
employs, although it uses instead of nadi, and quite as often, nddiké and 
ghatikaé. We shall uniformly make use in our translation of the terms 

resented above, since there are no English equivalents which admit of 
les substituted for them. 

The ordinary Puranic division of the day is slightly different from the 
astronomical, viz: 


15 twinklings (nimesha) 1 bit (kdshthd); 


30 bits = 1 minute (kald) ; 
30 minutes = 1 hour (muhirta); 
30 hours = 1 day. 


Manu (i. 64) gives the same, excepting that he makes the bit to con- 
sist of 18 twinklings. Other authorities assign different values to the 
lesser measures of time, but all agree in the main fact of the division of 
the day into thirty hours, which, being perhaps an imitation of the 
division of the month into thirty days, is unquestionably the ancient and 
original Hindu method of reckoning time. 

The Sfrya-Siddhanta, with commendable moderation, refrains from 
giving the imaginary subdivisions of the respiration which make up 
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“unreal” time. They are thus stated in Bhaskara’s SiddhAnta-Ciromani 
(i. 19, 20), along with the other, the astronomical, table : 


100 atoms (truti) 1 speck (tatpara) ; 


30 specks = 1 twinkling (nimesha) ; 

18 twinklings =1 bit (kdshthd) ; 

30 bite = 1 minute (kald) ; 

30 minutes = 1 half-hour (ghatikd) ; 
2 half-hours =1 hour (kshana) ; 

30 hours = 1 day. 


This makes the atom equal to 5-gyg-do0-vooth of a day, or zz+,5th 
of a second. Some of the Puranas (see Wilson’s Vish. Pur. p. 22) give 
a different division, which makes the atom about 37;gth of a second; 
but they carry the division three steps farther, to the subtilissima 
(paramdnu), which equals zy39-do0-goo0th of a day, or very nearly 
gs-booth of a second. 

We have introduced here a statement of these minute subdivisions, 
because they form a natural counterpart to the immense periods which we 
shall soon have to consider, and are, with the latter, curiously illustrative 
of a fundamental trait of Hindu character: a fantastic imaginativeness, 
which delights itself with arbitrary theorizings, and is unrestrained by, 
and careless of, actual realities. Thus, having no instruments by which 
they could measure even seconds with any tolerable precision, they vied 
with one another in dividing the second down to the farthest conceivable 
limit of minuteness; thus, seeking infinity in the other direction also, 
while they were almost destitute of a chronology or a history, and could 
hardly fix with accuracy the date of any event beyond the memory of 
the living generation, they devised, and put forth as actual, a frame- 
work of chronology reaching for millions of millions of years back into 
the past and forward into the future. 


12. ... Of thirty of these sidereal days is composed a month; 
a civil (sévana) month consists of as many sunrises ; 

13. A lunar month, of as many lunar days (titht); a solar 
(s@ura) month is determined by the entrance of the sun into a 
sign of the zodiac: twelve months make a year. .. . 


We have here described days of three different kinds, and months 
and years of four; since, according to the commentary, the last clause 
translated means that twelve months of each denomination make up a 
year of the same denomination. Of some of these, the practical use 
and value will be made to appear later; but as others are not elsewhere 
referred to in this treatise, and as several are merely arbitrary divisions 
of time, of which, so far as we can discover, no use has ever been made, 
it may not be amiss briefly to characterize them here. 

Of the measures of time referred to in the twelfth verse, the day is 
evidently the starting-point and standard. The sidereal day is the time 
of the earth’s revolution on its axis; data for determining its length are 
given below, in v. 34, but it does not enter as an element into the later 
processes. Nor is a sidereal month of thirty sidereal days, or a sidereal 
year of three hundred and sixty such days (being less than the true 
sidereal year by about six and a quarter sidereal days), elsewhere men- 
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tioned in this work, or, so far as we know, made account of in any 
Hindu method of reckoning time. The civil (sévana) day is the natural 
day : it is counted, in India, from sunrise to sunrise (see below, v. 36), 
and is accordingly of variable length: it is, of course, an important 
element in all computations of time. A month of thirty, and a year of 
three hundred and sixty, such days, are supposed to have formed the 
basis of the earliest Hindu chronology, an intercalary month being added 
once in five years. This method is long since out of use, however, and 
the month and year referred to here in the text, of thirty and three 
hundred and sixty natural days respectively, without intercalations, are 
elsewhere assumed and made use of only in determining, for astrological 
purposes, the lords of the month and year (see below, v. 52). 

The standard of the lunar measure of time is the lunar month, the 
period of the moon’s synodical revolution. It is reckoned either from 
new-moon to new-moon, or from full-moon to full-moon ; generally, the 
former is called mukhya, “ primary,” and the latter gduna, “ secondary ” : 
but, according to our commentator, either of them may be denominated 
primary, although in fact, in this treatise, only the first of them is so 
regarded ; and the secondary lunar month is that which is reckoned 
from any given lunar day to the next of the same name. This natural 
month, containing about twenty-nine and a half days, mean solar time, 
is then divided into thirty lunar days (tthi), and this division, although 
of so unnatural and arbitrary a character, the lunar days beginning and 
ending at any moment of the natural day and night, is, to the Hindu, 
of the most prominent practical importance, since by it are regulated 
the performance of many religious ceremonies (see below, xiv. 13), and 
upon it depend the chief considerations of propitious and unpropitious 
times, and the like. Of the lunar year of twelve lunar months, how- 
ever, we know of no use made in India, either formerly or now, except 
as it has been introduced and employed by the Mohammedans. 

Finally, the year last mentioned, the solar year, is that by which time 
is ordinarily reckoned in India. It is, however, not the tropical solar 
year, which we employ, but the sidereal, no account being made of the 
precession of the equinoxes. The solar month is measured by the con- 
tinuance of the sun in each successive sign, and varies, according to the 
rapidity of his motion, from about twenty-nine and a third, to a little 
more than thirty-one and a half, days. There is no day corresponding 
to this measure of the month and of the year. 

In the ordinary reckoning of time, these elements are variously com- 
bined. Throughout Southern India (see Warren’s Kala Sankalita, 
Madras: 1825, p. 4, etc.), the year and month made use of are the 
solar, and the day the civil; the beginning of each month and year 
being counted, in practice, from the sunrise nearest to the moment of 
their actual commencement. In all Northern India the year is luni- 
solar ; the month is lunar, and is divided into both lunar and civil days ; 
the year is composed of a variable number of months, either twelve or 
thirteen, beginning always with the lunar month of which the com- 
mencement next precedes the true commencement of the sidereal year. 
But, underneath this division, the division of the actual sidereal year 
into twelve solar months is likewise kept up, and to maintain the con- 
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currence of the civil and lunar days, and the lunar and solar months, is 
a process of great complexity, into the details of which we need not 
enter here (see Warren, as above, p. 57, etc.). It will be seen later in 
this chapter (vv. 48-51) that the Sirya-Siddhanta reckons time by this 
latter system, by the combination of civil, lunar, and sidereal elements. 


13.... This is called a day of the gods. 

14. The day and night of the gods and of the demons are 
mutually opposed to one another. Six times sixty of them are 
a year of the gods, and likewise of the demons. 


“This is called,” etc.: that is, as the commentary explains, the year 
composed of twelve solar months, as being those last mentioned; the 
sidereal year. It appears to us very questionable whether, in the first 
instance, anything more was meant by calling the year a day of the 
gods than to intimate that those beings of a higher order reckoned time 
upon a grander scale: just as the month was said to be a day of the 
Fathers, or Manes (xiv. 14), the Patriarchate (v. 18), a day of the 
Patriarchs (xiv. 21), and the on (v. 20), a day of Brahma; all these 
being familiar Puranic designations. In the astronomical reconstruction 
of the Puranic system, however, a physical meaning has been given to 
this day of the gods: the gods are made to reside at the north pole, and 
the demons at the south; and then, of course, during the half-year 
when the sun is north of the equator, it is day to the gods and night to 
the demons; and during the other half-year, the contrary. The subject 
is dwelt upon at some length in the twelfth chapter (xii. 45, etc.). 
To make such a division accurate, the year ought to be the tropical, and 
not the sidereal; but the author of the Stirya-Siddhanta has not yet 
begun to take into account the precession. See what is said upon this 
subject in the third chapter (vv. 9-10). 

The year of the gods, or the divine year, is employed only in des- 
cribing the immense periods of which the statement now follows. 


15. Twelve thousand of these divine years are denominated 
a Quadruple Age (caturyuga); of ten thousand times four hun- 
dred and thirty-two solar years 

16. Is composed that Quadruple Age, with its dawn and twi- 
light. The difference of the Golden and the other Ages, as 
measured by the difference in the number of the feet of Virtue 
in each, is as follows: 

17. The tenth part of an Age, multiplied successively by four, 
three, two, and one, gives the length of the Golden and the other 
Ages, in order: the sixth part of each belongs to its dawn and 
twilight. 

The period of 4,320,000 years is ordinarily styled Great Age (ma- 
hdyuga), or, as above in two instances, Quadruple Age (caturyuga). 
In the Sarya-Siddhanta, however, the former term is not once found, 
and the latter occurs only in these verses; elsewhere, Age (yuga) alone 
is employed to denote it; and always denotes it, unless expressly limited 
by the name of the Golden (Aria) Age. 
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The composition of the Age, or Great Age, is then as follows : 

















Divine years. Solar years. 
Dawn, 400 144,000 
Golden Age (Arta yuga), 4000 1,440,000 
Twilight, 400 144,000 
Total duration of the Golden Age, 4,800 1,728,000 
Dawn, , 300 108,000 
Silver Age (tretd yuga), 3000 1,080,000 
Twilight, 300 108,000 
Total duration of the Silver Age, 3,600 1,296,000 
Dawn, 200 72,000 
Brazen Age (dudpara yuga), 2000 720,000 
Twilight, 200 72,000 
Total duration of the Brazen Age, 2,400 864,000 
Dawn, 100 36,000 
Iron Age (Kali yuga), 1000 360,000 
Twilight, 100 36,000 
Total duration of the Iron Age, 1,200 432,000 
Total duration of a Great Age, 12,000 4,320,000 


Neither of the names of the last three ages is once mentioned in the 
Strya-Siddhanta. The first and last of the four are derived from the 

ame of dice: Arita, “ made, won,” is the side of the die marked with 
four dots—the lucky, or winning one; kali is the side marked with one 
dot only—the unfortunate, the losing one. In the other names, of 
which we do not know the original and proper meaning, the numerals 
tri, “three,” and dvd, “two,” are plainly recognizable. The relation 
of the numbers four, three, two, and one, to the length of the several 
periods, as expressed in divine years, and also as compared with one 
another, is not less clearly apparent. The character attached to the 
different Ages by the Hindu mythological and legendary history so 
closely resembles that which is attributed to the Golden, Silver, Brazen, 
and Iron Ages, that we have not hesitated to transfer to them the latter 
appellations. An account of this character is given in Manu i. 81-86. 
During the Golden Age, Virtue stands firm upon four feet, truth and 
justice abound, and the life of man is four centuries; in each following 
Age Virtue loses a foot, and the length of life is reduced by a century, 
so that in the present, the Iron Age, she has but one left to hobble 
upon, while the extreme age attained by mortals is but a hundred years, 
See also Wilson’s Vishnu Purana, p. 622, etc., for a description of the 
vices of the Iron Age. 

This system of periods is not of astronomical origin, although the 
fixing of the commencement of the Iron Age, the only possibly his- 
torical point in it, is, as we shall see hereafter, the result of astro- 
nomical computation. Its arbitrary and artificial character is apparent. 
It is the system of the Purdnas and of Manu, a part of the received 
Hindu cosmogony, to which astronomy was compelled to adapt itself. 
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We ought to remark, however, that in the text itself of Manu (i. 68-71) 
the duration of the Great Age, called by him Divine Age, is given as 
twelve thousand years simply, and that it is his commentator who, by 
asserting these to be divine years, brings Manu’s cosmogony to an agree- 
ment with that of the Puranas. This is a strong indication that the 
divine year is an afterthought, and that the period of 4,320,000 years 
is an expansion of an earlier one of 12,000. Vast as this period is, 
however, it is far from satisfying the Hindu craving after infinity. We 
are next called upon to construct a new period by multiplying it by a 
thousand. 


18. One and seventy Ages are styled here a Patriarchate 
(manvantara) ; at its end is said to be a twilight which has the 
number of years of a Golden Age, and which is a deluge. 

19. In an Aton (kalpa) are reckoned fourteen such Patriarchs 
(manu) with their respective twilights; at the commencement of 
the Aon is a fifteenth dawn, having the length of a Golden 
Age. 


The Aon is accordingly thus composed : 














Divine years. Solar years. 
The introductory dawn, 4,800 1,728,000 
Seventy-one Great Ages, 852,000 306,720,000 
A twilight, 4,800 1,728,000 
Duration of one Patriarchate, 856,800 308,448,000 
Fourteen Patriarchates, 11,995,200 4,318,272,000 
Total duration of an Zon, 12,000,000 4,320,000,000 


Why the factors fourteen and seventy-one were thus used in making 
up the Afon is not obvious; unless, indeed, in the division by fourteen 
is to be recognized the influence of the number seven, while at the 
same time such a division furnished the equal twilights, or interme- 
diate periods of transition, which the Hindu theory demanded. The 
system, however, is still that of the Puranas (see Wilson’s Vish. Pur. p. 
24, etc.) ; and Manu (i. 72, 79) presents virtually the same, although he 
has not the term Aton (kalpa), but states simply that a thousand Divine. 
Ages make up a day of Brahma, and seventy-one a Patriarchate. The. 
term manvantara, “patriarchate,” means literally “another Manu,” or, 
“the interval of a Manu.” Manu, a word identical in origin and mean- 
ing with our “man,” became to the Hindus the name of a being per- 
sonified as son of the Sun (Vivasvant) and progenitor of the human 
race. In each Patriarchate there arises a new Manu, who becomes for 
his own period the progenitor of mankind (see Wilson’s Vish. Pur. p. 
24). 

20. The Aion, thus composed of a thousand Ages, and which 
brings about the destruction of all that exists, is styled a day of 
Brahma; his night is of the same length. 

21. His extreme age is a hundred, according to this. valuation 
of a day and a night.... 
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We have already found indications of an assumed destruction of 
existing things at the termination of the lesser periods called the Age 
and the Patriarchate, in the necessity of a new revelation of virtue and 
knowledge for every Age, and of a new father of the human race for 
every Patriarchate. These are left, it should seem, to show us how the 
system of cosmical periods grew to larger and larger dimensions. The 
full development of it, as exhibited in the Puranas and here, admits only 
two kinds of destruction: the one occurring at the end of each Aon, 
or day of Brahma, when all creatures, although not the substance of the 
world, undergo dissolution, and remain buried in chaos during his night, 
to be created anew when his day begins again; the other taking place 
at the end of Brahma’s life, when all matter even is resolved into its 
ultimate source. 

According to the commentary, the “hundred” in verse 21 means a hun- 
dred years, each composed of three hundred and sixty days and nights, 
and not a hundred days and nights only, as the text might be understood 
to signify; since, in all statements respecting age, years are necessarily 
understood to be intended. The length of Brahma’s life would be, 
then, 864,000,000,000 divine years, or 311,040,000,000,000 solar years. 
This period is also called in the Puranas a para, “ extreme period,” and 
its half a pardrdha (see Wilson’s Vish. Pur. p. 25); although the latter 
term has obtained also an independent use, as signifying a period still 
more enormous (ibid. p. 630). It is curious that the commentator does 
not seem to recognize the affinity with this period of the expression 
used in the text, param dyuh, “extreme age,” but gives two different 
explanations of it, both of which are forced and unnatural. 

The author of the work before us is modestly content with the number 
of years thus placed at his disposal, and attempts nothing farther. So 
is it also with the Puranas in general; although some of them, as the 
Vishnu (Wilson, p. 637) assert that two of the greater pardrdhas con- 
stitute only a day of Vishnu, and others (ibid. p. 25) that Brahma’s 
whole life is but a twinkling of the eye of Krshna or of Qiva. 


21.... The half of his life is past; of the remainder, this is 
the first Zon. 

22. And of this Aton, six Patriarchs (manu) are past, with 
their respective twilights; and of the Patriarch Manu son of 
Vivasvant, twenty-seven Ages are past; 

23. Of the present, the twenty-eighth, Age, this Golden Age 
is past: from this point, reckoning up the time, one should com- 
pute together the whole number. 


The designation of the part already elapsed of this immense period 
seems to be altogether arbitrary. It agrees in general with that given 
in the Puranas, and, so far as the Patriarchs and their periods are con- 
cerned, with Manu also. The name of the present Alon is Véréha, 
“that of the boar,” because Brahma, in performing anew at its com- 
mencement the act of creation, put on the form of that animal (see 
Wilson’s Vish. Pur. p. 27, etc.). The one preceding is called the Padma, 
“that of the lotus.” This nomenclature, however, is not universally 
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accepted : under the word kalpa, in the Lexicon of Béhtlingk and Roth, 
may be found another system of names for these periods. Manu (i. 61, 
62) gives the names of the Patriarchs of the past Patriarchates; the 
Puranas add other particulars respecting them, and also respecting those 
which are still to come (see Wilson’s Vish. Pur. p. 259, etc.). 

The end of the Golden Age of the current Great Age is the time at 
which the Sirya-SiddhAnta claims to have been revealed, and the epoch 
from which its calculations profess to commence. We will, accordingly, 
as the Sun directs, compute the number of years which are supposed to 
have elapsed before that period. 

Divine years. Solar years. 
Dawn of current Aon, 4,800 1,728,000 
Six Patriarchates, : 5,140,800 1,850,688,000 
Twenty-seven Great Ages, 324,000 116,640,000 


Total till commencement of present Great Age, 5,469,600 1,969,056,000 
Golden Age of present Great Age, 4,800 1,728,000 


Total time elapsed of current on, 5,474,400 1,970,784,000 
Half Brahma’s life, 432,000,000,000 155,520,000,000,000 





Total time elapsed from beginning of Brah- ' 432,005,474,400 _155,521,970,784,000 


ma’s life to end of last Golden Age, 

As the existing creation dates from the commencement of the current 
ion, the second of the above totals is the only one with which the 
Stirya-Siddhanta henceforth has any thing to do. , 

We are next informed that the present order of things virtual}y began 
at a period less distant than the commencement of the Aton... 


24. One hundred times four hundred and seventy-four divine 
years passed while the All-wise was employed in creating the 
animate and inanimate creation, plants, stars, gods, demons, and 
the rest. 


That is to say: 
Divine years. Solar years. 
From the total above given, 5,474,400 1,970,784,000 
deduct the time occupied in creation, 47,400 17,064,000 





the remainder is 5,427,000 1,953,720,000 


This, then, is the time elapsed from the true commencement of the ex- 
isting order of things to the epoch of this work. The deduction of this 
period as spent by the Deity in the work of creation is a peculiar feature 
of the Sarya-Siddhanta. We shall revert to it later (see below, under 
vv. 29-34), as its significance cannot be shown until other data are 
before us. 


25. The planets, moving westward with exceeding velocity, 
but constantly beaten by the asterisms, fall behind, at a rate 
precisely equal, proceeding each in its own path. 

26. Hence they have an eastward motion. From the number 
of their revolutions is derived their daily motion, which is dif- 
ferent according to the size of their orbits; in proportion to this 
daily motion they pass through the asterisms. 
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27. One which moves swiftly passes through them in a short 
time; one which moves slowly, in a long time. By their move- 
ment, the revolution is accounted complete at the end of the 
asterism Revati. 


We have here‘presented a part of the physical theory of the planetary 
motions, that which accounts for the mean motions: the theory is sup- 
plemented by the explanation given in the next chapter of the disturbing 
forces which give rise to the irregularities of movement. The earth is a 
sphere, and sustained immovable in the centre of the universe (xii. 32), 
while all the heavenly bodies, impelled by winds, or vortices, called pro- 
vectors (ii. 3), revolve about it from east to west. In this general west- 
ward movement, the planets, as the commentary explains it, are, owing 
to their weight and the weakness of their vortices, beaten by the aster- 
isms (nakshatra or bha, the groups of stars constituting the lunar man- 
sions [see below, chapter viii and used here, as in various other places, 
to designate the whole firmament of fixed stars), and accordingly fall 
behind (lambante =/labuntur, delabuntur), as if from shame: and this is 
the explanation of their eastward motion, which is only apparent and rela- 
tive, allhough wont to be regarded as real by those who do not under- 
stand the true causes of things. But now a new element is introduced 
into the theory, which does not seem entirely consistent with this view of 
the merely relative character of the eastward motion. It is asserted that 
the planets lag behind equally, or that each, moving in its own orbit, 
loses an equal amount daily, as compared with the asterisms. And we 
shall find farther on (xii. 73-89) that the dimensions of the planetary 
orbits are constructed upon this sole principle, of making the mean daily 
motion of each planet eastward to be the same in amount, namely 
11,858.717 yojanas: the amount of westward motion being equal, in 
each case, to the difference between this amount and the whole orbit of 
the planet. Now if the Hindu idea of the symmetry and harmony of the 
universe demanded that the movements of the planets should be equal, it 
was certainly a very awkward and unsatisfactory way of complying with 
that demand to make the relative motions alone, as compared with the 
fixed stars, equal, and the real motions so vastly different from one an- 
other. We should rather expect that some method would have been de- 
vised for making the latter come out alike, and the former unlike, and the 
result of differences in the weights of the planets and the forces of the 
impelling currents. It looks as if this principle, and the conformity to it 
of the dimensions of the orbits, might have come from those who regarded 
the apparent daily motion as the real motion. But we know that Arya- 
bhatta held the opinion that the earth revolved upon its axis, causing 
thereby the apparent westward motion of the heavenly bodies (see Cole- 
brooke’s Hindu Algebra, p. xxxviii; Essays, ii. 467), and so, of course, 
that the planets really moved eastward at an equal rate among the stars; 
and although the later astronomers are nearly unanimous against him, 
we cannot help surmising that the theory of the planetary orbits ema- 
nated from him or his school, or from some other cf like opinion. It is 
not upon record, so far as we are aware, that any Hindu astronomer, of 
any period, held, as did some of the Greek philosophers (see Whewell’s 
History of the Inductive Sciences, B. V. ch. i), a heliocentric theory. 
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The absolute motion eastward of all the planets being equal, their 
apparent motion is, of course, in the (inverse) ratio of their distance, or 
of the dimensions of their orbits. 

The word translated “revolution” is bhagana, literally “troop of aster- 
isms ;” the verbal root translated “pass through” is bhyj, “ enjoy,” from 
which comes also the common term for the daily motion of a planet, 
bhukti, literally “enjoyment.” When a planet has “enjoyed the whole 
troop of asterisms,” it has made a complete revolution. 

The initial point of the fixed Hindu sphere, from which longitudes are 
reckoned, and at which the planetary motions are held by all the schools 
of Hindu astronomy to have commenced at the creation, is the end of 
the asterism Revati, or the beginning of Agvini (see chapter viii. for a 
full account of the asterisms). Its situation is most nearly marked by 
that of the principal star of Revati, which, according to the Strya- 
Siddhanta, is 10’ to the west of it, but according to other authorities 
exactly coincides with it. That star is by all authorities identified with 
¢ Piscium, of which the longitude at present, as reckoned by us, from the 
vernal equinox, is 17° 54’. Making due allowance for the precession, we 
find that it coincided in position with the vernal equinox not far from the 
middle of the sixth century, or about A. D. 570. As such coincidence 
was the occasion of the point being fixed upon as the beginning of the 
sphere, the time of its occurrence marks approximately the era of the 
fixation of the sphere, and of the commencement of the history of modern 
Hindu astronomy. We say approximately only, because, in the first 
place, as will be shown in connection with the eighth chapter, the accu- 
racy of the Hindu observations is not to be relied upon within a degree; 
and, in the second place, the limits of the asterisms being already long 
before fixed, it was necessary to take the beginning of some one of them 
as that of the sphere, and the Hindus may have regarded that of Agvini 
as sufficiently near to the equinox for their purpose, when it was, in fact, 
two or three degrees, or yet more, remote from it, on either side; and 
each degree of removal would correspond to a difference in time of about 
seventy years. 

In the most ancient recorded lists of the Hindu asterisms (in the texts 
of the Black Yajur-Veda and of the Atharva-Veda), Krttika, now the 
third, appears as the first. The time when the beginning of that aster- 
ism coincided with the vernal equinox would be nearly two thousand 
years earlier than that given above for the coincidence with it of the first 


point of Acvini. 

28. Sixty seconds (vikalé) make a minute (kald); sixty of 
these, a degree (bhdéga); of thirty of the latter is composed a 
sign (rd¢i); twelve of these are a revolution (bhagana). 


The Hindu divisions of the circle are thus seen to be the same with 
the Greek and with our own, and we shall accordingly make use, in 
translating, of our own familiar terms. Of the second (vikald) very little 
practical use is made; it is not more than two or three times alluded to 
in all the rest of the treatise. The minute (kald) is much more often 
called liptéd (or liptikd); this is not an original Sanskrit word, but was 
borrowed from the Greek »exrév, The degree is called either bhdga or 
anga; both words, like the equivalent Greek word moipa, mean a “part, 
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portion.” The proper signification of ragi, translated “sign,” is simply 
“heap, quantity ;” it is doubtless applied to designate a sign as being a 
certain number, or sum, of degrees, analogous to the use of gana in 
bhagana (explained above, in the last note), and of rég¢i itself in dinardgi, 
“sum of days” (below, v. 53). In the Hindu description of an are, the 
sign is as essential an element as the degree, and no arcs of greater length 
than thirty degrees are reckoned in degrees alone, as we are accustomed 
to reckon them. The Greek usage was the same. We shall hereafter 
see that the signs into which any circle of revolution is divided are named 
Aries, Taurus, etc., beginning from the point which is regarded as the 
starting point; so that these names are applied simply to indicate the 
order of succession of the arcs of thirty degrees. 


29. In an Age (yuga), the revolutions of the sun, Mercury, 
and Venus, and of the conjunctions (¢ighra) of Mars, Saturn, 
and Jupiter, moving eastward, are four million, three hundred 
and twenty thousand; 

80. Of the moon, fifty-seven million, seven hundred and fifty- 
three thousand, three hundred and thirty-six; of Mars, two 
million, two hundred and ninety-six thousand, eight hundred 
and thirty-two ; 

31. Of Mercury’s conjunction (cighra), seventeen million, nine 
hundred and thirty-seven thousand, and sixty; of Jupiter, three 
hundred and sixty-four thousand, two hundred and twenty ; 

82. Of Venus’s conjunction (¢ighra), seven million, twenty-two 
thousand, three hundred and seventy-six; of Saturn, one hun- 
dred and forty-six thousand, five hundred and sixty-eight; 

33. Of the moon’s apsis (ucca), in an Age, four hundred and 
eighty-eight thousand, two hundred and three; of its node (pda), 
in the contrary direction, two hundred and thirty-two thousand, 
two hundred and thirty-eight ; 

34. Of the asterisms, one billion, five hundred and eighty-two 
million, two hundred and thirty-seven thousand, eight hundred 
and twenty-eight.... 


These are the fundamental and most important elements upon which 
is founded the astronomical system of the Sarya-Siddhanta. We present 
them below in a tabular form, but must first explain the character of 
some of them, especially of some of those contained in verse 29, which 
we have omitted from the table. 

The revolutions of the sun, and of Mars, Jupiter, and Saturn, require 
no remark, save the obvious one that those of the sun are in fact sidereal 
revolutions of the earth about the sun. To the sidereal revolutions of 
the moon we add also her synodical revolutions, anticipated from the next 
following passage (see v. 35). By the moon’s “apsis” is to be under- 
stood her apogee; wcca is literally “height,” i.e. “extreme distance :” 
the commentary explains it by mandocca, “ apex of slowest motion :” as 
the same word is used to designate the aphelia of the planets, we were 
obliged to take in translating it the indifferent term apsis, which applies 
equally to both geocentric and heliocentric motion. The “node” is the 
ascending node (see ii. 7); the dual “nodes” is never employed in this 
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work. But the apparent motions of the planets are greatly complicated 
' by the fact, unknown to the Greek and the Hindu, that they are revolv- 
ing about a centre about which the earth also is revolving. When any 
planet is on the opposite side of the sun from us, and is accordingly mov- 
ing in space in a direction contrary to ours, the effect of our change of 
place is to increase the rate of its apparent change of place; again, when 
it is upon our side of the sun, and moving in the same direction with us, 
the effect of our motion is to retard its apparent motion, and even to 
cause it to seem to retrograde. This explains the “revolutions of the 
conjunction” of the three superior planets: their “ conjunctions” revolve 
at the same rate with the earth, being always upon the opposite side of 
the sun from us; and when, by the combination of its own proper 
motion with that of its conjunction, the planet gets into the latter, its 
rate of apparent motion is greatest, becoming less in proportion as it 
removes from that position. The meaning of the word which we have 
translated “conjunction” is “swift, rapid:” a literal rendering of it 
would be “swift-point,” or “apex of swiftest motion ;” but, after 
much deliberation, and persevering trial of more than one term, we have 
concluded that “conjunction” was the least exceptionable word by 
which we could express it. In the case of the inferior planets, the 
revolution of the conjunction takes the place of the proper motion of 
the planet itself. By the definition given in verse 27, a planet must, in 
order to complete a revolution, pass through the whole zodiac; this 
Mercury and Venus are only able to do as they accompany the sun in 
his apparent annual revolution about the earth. To the Hindus, too, . 
who had no idea of their proper movement about the sun, the annual 
motion must have seemed the principal one; and that by virtue of which, 
in their progress through the zodiac, they moved now faster and now 
slower, must have appeared only of secondary importance. The term 
“conjunction,” as used in reference to these planets, must be restricted, 
of course, to the superior conjunction. The physical theories by which 
the effect of the conjunction (gighra) is explained, are given in the next 
chapter. In the table that follows we have placed opposite each planet 
its own proper revolutions only. 

It is farther to be observed that all the numbers of revolutions, ex- 
cepting those of the moon’s apsis and node, are divisible by four, so 
that, properly speaking, a quarter of an Age, or 1,080,000 years, rather 
than a whole Age, is their common period. This is a point of so much 
importance in the system of the Stirya-Siddhanta, that we have added, 
in a second column, the number of revolutions in the lesser period. 

In the third column, we add the period of revolution of each planet, 
as found by dividing by the number of revolutions of each the number 
of civil days in an Age (which is equal to the number of sidereal days, 
given in v. 34, diminished by the number of revolutions of the sun; see 
below, v. 37); they are expressed in days, nadis, vinddis, and respira- 
tions ; the latter may be converted into sexagesimals of the third order 
by moving the decimal point one place farther to the right. 

In the fourth column are given the mean daily motions. 

We shall present later some comparison of these elements with those 
adopted in other systems of astronomy, ancient and modern. 
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Mean Motions of the Planets. 
Number of Number of . 
Planet. 4'390,000 years. 17080,000 ye ad . se or gy Mean daily motion. 

d n v P o ’ ” ove over 

Sun, 4,320,000 | 1,080,000 365 15 31 3.14 59 8 10 10.4 

Mercury, 17,937,060 | 4,484,265 87 58 10 5.57) 4 5 32 20 41.9 

Venus, 7,022,376 | 1,755,594 224 41 54 5.06| 1 36 7 43 37.3 

Mars, 2,296,832 574,208 686 59 50 5.87 31 26 28 11.1 

Jupiter, 364,220 91,055 | 4,332 19 14 2.09 459 8 48.6 

Saturn, 146,568 36,642 | 10,765 46 23 0.41 2 0 22 53.4 
Moon: 

sider, rev. 57,753,336 | 14,438,334 27 19 18 0.16] 13 10 34 52 3.8 

synod. rev. | 53,433,336 | 13,358,334 29 31 50 0.70] 12 11 26 41 53.4 

rev. of apsis, 488,203 122,050%| 3,232 5 37 1.36 6 40 58 42.5 

« node, 232,238 58,0594] 6,794 23 59 2.35 3 10 44 43.2 








The arbitrary and artificial method in which the fundamental ele- 
ments of the solar system are here presented is not peculiar to the 
Strya-Siddhanta; it is also adopted by all the other text-books, and is 
to be regarded as a characteristic feature of the general astronomical 
system of the Hindus. Instead of deducing the rate of motion of each 
planet from at least two recorded observations of its place, and estab- 
lishing a genuine epoch, with the ascertained position of each at that 

_ time, they start with the assumption that, at the beginning of the 
\present order of things, all the planets, with their apsides and nodes, 
/commenced their movement together at that point in the heavens (near 
¢ Piscium, as explained above, under verse 27) fixed upon as the initial 
point of the sidereal sphere, and that they return, at certain fixed inter- 
vals, to a universal conjunction at the same point. As regards, however, 
the time when the motion commenced, the frequency of recurrence 
of the conjunction, and the date of that which last took place, there is 
discordance among the different authorities. With the Strya-Sid- 
dhanta, and the other treatises which adopt the same general method, 
the determining point of the whole system is the commencement of the 
current Iron Age (kali yuga); at that epoch the planets are assumed to 
have been in mean conjunction for the last time at the initial point of 
the sphere, the former conjunctions having taken place at intervals of 
1,080,000 years previous. The instant at which the Age is made to 
commence is midnight on the meridian of Ujjayini (see below, under v. 
62), at the end of the 588,465th and beginning of the 588,466th day, 
(civil reckoning) of the Julian Period, or between the 17th and 18th of 
February 1612 J.P., or 3102 B. C. (see below, under vv. 45-53, for the 
computation of the number of days since elapsed). Now, although no} 
such conjunction as that assumed by the Hindu astronomers ever did 
or ever will take place, the planets were actually, at the time stated, 
approximating somewhat nearly to a general conjunction in the neigh- 
borhood of the initial point of the Hindu sphere; this is shown by the 
next table, in which we give their actual mean positions with reference 
to that point (including also those of the moon’s apogee and node) ; 
they have been obligingly furnished us by Prof. Winlock, Superin- 
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tendent of the American Ephemeris and Nautical Almanac. The posi- 
tions of the primary planets are obtained by LeVerrier’s times of side- 
real revolution, given in the Annales de l’Observatoire, tom. ii (also in 
Biot’s Astronomie, 3™¢ édition, tom. v, 1857), that of the moon by 
Peirce’s tables, and those of its apogee and node by Hansen’s Tables de 
la Lune. The origin of the Hindu sphere is regarded as being 18° 5’ 
8” east of the vernal equinox of Jan. 1, 1860, and 50° 22’ 29” west of 
that of Feb. 17, 3102 B. C., the precession in the interval being 68° 27! 
37”. We add, in a second column, the mean longitudes, as reckoned 
from the vernal equinox of the given date, for the sake of comparison 
with the similar data given by Bentley (Hind. Ast., p. 125) and by 
Bailly(Ast. Ind. et Or., pp. 111, 182), which we also subjoin. 


Positions of the Planets, midnight, at Ujjayint, Feb. 17-18, 3102 B. C. 








Planet. Uitiede phere Longitude. Bentley. Bailly. 
Sun, - 7 5: 48| 3or 45 43| 301 1 +1] 301 5 57 
Mercury, - 4 3 26) 268 34 5| 267 35 26] 261 14 21 
Venus, + 24 58 59 | 334 36 30 | 333 44 37 | 334 22 18 
Mars, - 19 49 26} 289 48 5/| 288 55 19 | 288 55 56 
Jupiter, + 8 38 36] 318 16 7] 318 3 54] 310 ‘22 10 
Saturn, - 28 1 13] 28t 36 18} 280 1 58] 293 8 ar 
Moon, - 1 33 41 | 308 3 50 | 306 53 421 300 51 16 


do. apsis, +95 19 21| 44 56 42| Gr 12 26] 61 13 33 
do. node, +198 24 45 | 148 2 16| 144 38 32 | 144 37 41 























The want of agreement between the results of the three different in- 
vestigations illustrates the difficulty and uncertainty even yet attending 
inquiries into the positions of the heavenly bodies at so remote an 
epoch. It is very possible that the calculations of the astronomers who 
were the framers of the Hindu system may have led them to suppose 
the approach to a conjunction nearer than it actually was; but, however 
that may be, it seems hardly to admit of a doubt that the epoch was 
arrived at by astronomical calculation carried backward, and that it was 
fixed upon as the date of the last general conjunction, and made to 
determine the commencement of the present Age of the world, because 
the errors of the assumed positions of the planets at that time would 
be so small, and the number of years since elapsed so great, as to make 
the errors in the mean motions into which those positions entered as 
an element only trifling in amount. 

The moon’s apsis and node, however, were treated in a different 
manner. Their distance from the initial point of the sphere, as shown 
by the table, was too great to be disregarded. They were accordingly 
ingly exempted from the general law of a conjunction once in 1,080,000 
years, and such a number of revolutions was assigned to them as should 
make their positions at the epoch come out, the one a quadrant, the 
other a half-revolution, in advance of the initial point of the sphere. 

We can now see why the deduction spoken of above (v. 24), for time 
spent in creation, needed to be made. In order to bring all the planets 
to a position of mean conjunction at the epoch, the time previously 
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elapsed must be an exact multiple of the lesser period of 1,080,000 years, 
or the quarter-Age; in order to give its proper position to the moon’s 
apsis, that time must contain a certain number of whole Ages, which 
are the periods of conjunction of the latter with the planets, together 
with a remainder of three quarter-Ages; for the moon’s node, in like 
manner, it must contain a certain number of half-Ages, with a remainder 
of one quarter-Age. Now the whole number of years elapsed between the 
beginning of the Aon and that of the current Iron Age is equal to 1826 
quarter-Ages, with an odd surplus of 864,000 years: from it subtract 
an amount of time which shall contain this surplus, together with three, 
seven, eleven, fifteen, or the like (any number exceeding by three a mul- 
tiple of four), quarter-Ages, and the remainder will fulfil the conditions 
of the problem. The deduction actually made is of fifteen periods + 
the surplus. 

This deduction is a clear indication that, as remarked above (under 
v. 17), the astronomical system was compelled to adapt itself to an 
already established Puranic chronology. It could, indeed, fix the pre- 
viously undetermined epoch of the commencement of the Iron Age, but 
it could not alter the arrangement of the preceding periods. 

It is evident that, with whatever accuracy the mean positions of the 
planets may, at a given time, be ascertained by observation by the 
Hindu astronomers, their false assumption of a conjunction at the epoch 
of 3102 B. C. must introduce an element of error into their determina- 
tion of the planetary motions. The annual amount of that error may 
indeed be small, owing to the remoteness of the epoch, and the great 
number of years among which the errors of assumed position are divi- 
ded, yet it must in time grow to an amount not to be ignored or neglect- 
ed even by observers so inaccurate, and theorists so unscrupulous, as the 
Hindus. This is actually the case with the elements of the Sarya-Sid- 
dhanta; the positions of the planets, as calculated by them for the 
present time, are in some cases nearly 9° from the true places. The/ 
later astronomers of India, however, have known how to deal with such: 
difficulties without abrogating their ancient text-books. As the Strya- 
Siddhanta is at present employed in astronomical calculations, there are 
introduced into its planetary elements certain corrections, called bija 

more properly vija ; the word means literally “seed” ; we do not know 

ow it arrived at its present significations in the mathematical language). 
That this was so, was known to Davis (As. Res., ii. 236), but he was 
unable to state the amount of the corrections, excepting in the case of 
the moon’s apsis and node (ibid., p. 275). Bentley (Hind. Ast., p. 179) 
gives them in full, and upon his authority we present them in the 
annexed table. They are in the form, it will be noticed, of additions to, 
or subtractions from, the number of revolutions given for an Age, and 
the numbers are all divisible by four, in order not to interfere with the 
calculation by the lesser period of 1,080,000 years. We have added 
the corrected number of revolutions, for both the greater and lesser 
period, the corrected time of revolution, expressed in Hindu divisions ef 
the day, and the corrected amount of mean daily motion. 

These corrections were first applied, according to Mr. Bentley (As. 
Res., viii. 220), about the beginning of the sixteenth century; they are 
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resented by several treatises of that as well as of later date, not having 
Sie yet superseded by others intended to secure yet greater correctness. 


Mean Motions of the Planets as corrected by the bija. 























Corrected number of revolu- 
Correc- tions Corrected Corrected 
Planet. tion. | in 4,320,000 | in 1,080,000 | time of revolution. daily motion. 
years. years, 

a oe: P of) 
Sun, 0 | 4,320,000 | 1,080,000 365 15 31 3.14 59 8 10 10.4 
Mercury, | - 16 |17,937,044| 4,484,261 87 58 11 1.26] 4 5 32 19 54.5 
Venus, - 12] 7,022,364} 1,755,591 224 41 56 1.35| 1 36 7 43 1.8 
Mars, ©| 2,296,832} 574,208 686 59 50 5.87 31 26 28 11.1 
Jupiter, - 8} 364,212 91,053 | 4,332 24 56 5.56 459 8 24.9 
Saturn, +12] 146,580 36,645 | 10,764 53 30 1.11 2 0 23 28.9 
Moon, 0 |57,753,336 | 14,438,334 27 19 18 0.16/13 10 34 52 3.8 
“ apsis,|}- 4| 488,199| 122,049%; 3,232 7 12 3.37 6 40 58 30.7 
“ node,|}+ 4| 232,242 58,0604] 6,794 16 58 0.66 3 10 44 55.0 

















We need not, however, rely on external testimony alone for informa- 
tion as to the period when this correction was made. If the attempt to 
modify the elements in such a manner as to make them give the true 
positions of the planets at the time when they were so modified was in 

\ any tolerable degree successful, we ought to be able to discover by cal- 
culation the date of the alteration. If we ascertain for any given time 
the positions of the planets as given by the system, and compare them 
with the true positions as found by our best modern methods, and if we 
then divide the differences of position by the differences’ in the mean 
motions, we shall discover, in each separate case, when the error was or 
will be reduced to nothing. The results of such a calculation, made for 
Jan. 1, 1860, are given below, under v.67. We see there that, if regard 
is had only to the absolute errors in the positions of the planets, no con- 
clusion of value can be arrived at; the discrepancies between the dates 
of no error are altogether too great to allow of their being regarded as 
indicating any definite epoch of correction. If, on the other hand, we 
assume the place of the sun to have been the standard by which the 
positions of the other planets were tested, the dates of no error are seen 
to point quite distinctly to the first half of the sixteenth century as the 
time of the correction, their mean being A. D. 1541. Upon this as- 
sumption, also, we see why no correction of bija was applied to Mars or 
to the moon: the former had, at the given time, only just passed his 
time of complete accordance with the sun, and the motion of the moon 
was also already so closely adjusted to that of the sun, that the differ- 
ence between their errors of position is even now less than 10’. Nor 
is there any other supposition which will explain why the serious error 
in the position of the sun himself was overlooked at the time of the 
general correction, and why, by that correction, the absolute errors of 
position of more than one of the planets are made greater than they 
would otherwise have been, as is the case. It is, in short, clearly evident 
that the alteration of the elements of the Sfirya-Siddhanta which was 
effected early in the sixteenth century, was an adaptation of the errors 
of position of the other planets to that of the sun, assumed to be cor- 
rect and regarded as the standard. 
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Now if it is possible by this method to arrive approximately at the 
date of a correction applied to the elements of a Siddhanta, it should 
be possible in like manner to arrive at the date of those elements them- 
selves. For, owing to the false assumption of position at the epoch, 
there is but one point of time at which any of the periods of revolution 
will give the true place of its planet: if, then, as is to be presumed, the 
true places were nearly determined when any treatise was composed, 
and were made to enter as an element into the construction of its 
system, the comparison of the dates of no error will point to the epoch of 
its composition. The method, indeed, as is well known to all those who 
have made any studies in the history of Hindu astronomy, has already 
been applied to this purpose, by Mr. Bentley. It was first originated 
and put forth by him (in vol. vi. of the Asiatic Researches) at a time 
when the false estimate of the age and value of the Hindu astronomy 
presented by Bailly was still the prevailing one in Europe; he strenu- 
ously defended it against more than one attack (As. Res., viii, and Hind. 
Ast.), and finally employed it very extensively in his volume on the 
History of Hindu Astronomy, as a means of determining the age of the 
different Siddhantas. We present below the table from which, in the 
latter work (p. 126), he deduces the age of the Sirya-Siddhanta; the 
column of approximate dates of no error we have ourselves added. 


Bentley’s Table of Errors in the Positions of the Planets, as calculated, 
for successive periods, according to the Strya-Siddhdnta. 



































Planet. Tron Age 0, | I. A. 1000, | I. A. 2009, | I. A. 3000, | I. A. 3639, | T. A. 4192, | When 
B, C. 3102. | B. C. 2102. | B. C. 1102. | B. C. 102. | A. D. 538. | A. D. 1091. |correct 

co} ’ Lad oO ’ Ld 2 ’ Ad oO , Ad oO ’ ” oO ’ ” A. D. 

Mercury, /|+33 25 35)+25 9 52/+16 54 9/+8 38 2643 21 4oj-1 12 28) 945 
Venus, -32 43 36|-24 37 31\-16 31 26|-8 25 21\-3 14 45/41 14 3) 939 
Mars, _ [12 5 421+ 9 26 32/+ 6 47 22/44 8 12:42 26 3oj+o0 58 29) 1458 
Jupiter, -17 2 53\-12 44 16)- 8 25 39-4 7 2)\-1 21 47/40 41 14) 906 
Saturn, +20 59 3/415 43 20)\+10 27 37\+5 11 5441 50 10\-1 4 25) 887 
Moon, - 5 52 41|- 3 50 48/- 2 9g 17\-0 52 33'-0 18 30|-0 0 11 1097 
“  apsis,|-30 11 25|/-23 9 36|-16 7 47\-9 5 58\-4 36 26-0 43 10) 1193 
“ node, |+23 37 31/417 59 21/412 31 11/47 3 1/43 33 19]+0 31 50) 1188 











From an average of the results thus obtained, Bentley draws the con- 
clusion that the Sarya-Siddhanta dates from the latter part of the elev- 
enth century; or, more exactly, A. D. 1091. 

The general soundness of Bentley’s method will, we apprehend, be 
denied at the present time by few, and he is certainly entitled to not a 
little credit for his ingenuity in devising it, for the persevering industry 
shown in its application, and for the zeal and boldness with which he 
propounded and defended it. He succeeded in throwing not a little 
light upon an obscure and misapprehended subject, and his investiga- 
tions have contributed very essentially to our present understanding of 
the Hindu systems of astronomy. But the details of his work are not 
to be accepted without careful testing, and his general conclusions are 
often unsound, and require essential modification, or are to be rejected 
altogether. This we will attempt to show in connection with his treat- 
ment of the Sarya-Siddhanta. 


~ 
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In the first place, Bentley has made a very serious error in that part 
of his calculations which concerns the planet Mercury. As that planet 
was, at the epoch, many degrees behind its assumed place, it was neces- 
sary, of course, to assign to it a slower than its true rate of motion. 
But the rate actually given it by the text is not quite enough slower, 
and, instead of exhausting the original error of position in the tenth 
century of our era, as stated by Bentley, would not so dispose of it for 
many hundred years yet to come. Hence the correction of the bia, as 
reported by Bentley himself, instead of giving to Mercury, as to all the 
rest, a more correct rate of motion, is made to have the contrary effect, 
in order the sooner to run out the original error of assumed position, 
and produce a coincidence between the calculated and the true places of 
the planet. 

In the case of the other planets, the times of no error found by 
Bentley agree pretty nearly with those which we have ourselves ob- 
tained, both by calculating backward from the errors of A. D. 1860, 
and by calculating downward from those of B. C. 3102, and which are 
presented in the table given under verse 67. Upon comparing the two 
tables, however, it will be seen at once that Bentley’s conclusions are 
drawn, not from the sidereal errors of position of the planets, but from 
the errors of their positions as compared with that of the sun, and that 
of the sun’s own error he makes no account at all. This is a method of 
procedure which certainly requires a much fuller explanation and justifi- 
cation than he has seen fit anywhere to give of it. The Hindu sphere 
is a sidereal one, and in no wise bound to the movement of the sun. 
The sun, like the other planets, was not in the position assumed for him 
at the epoch of 3102 B.C., and consequently the rate of motion 
assigned to him by the system is palpably different from the real one: 
the sidereal year is about three minutes and a half too long. Why then 
should the sun’s error be ignored, and the sidereal motions of the other 
planets considered only with reference to the incorrect rate of motion 
established for him? It is evident that Bentley ought to have taken 
fully into consideration the sun’s position also, and to have shown either 
that it gave a like result with those obtained from the other planets, or, 
if not, what was the reason of the discrepancy. By failing to do so, he 
has, in our opinion, omitted the most fundamental datum of the whole 
calculation, and the one which leads to the most important conclusions. 
We have seen, in treating of the bdija, that it has been the aim of the 
modern Hindu astronomers, leaving the sun’s error untouched, to amend 
those of the other planets to an accordance with it. Now, as things 
are wont to be managed in the Hindu literature, it would be no matter 
for surprise if such corrections were incorporated into the text itself: 
had not the Sairya-Siddhanta been, at the beginning of the sixteenth 
century, so widely distributed, and its data so universally known, and 
had not the Hindu science outlived already that growing and productive 
period of its history when a school of astronomy might put forth a cor- 
rected text of an ancient authority, and expect to see it make its way 
to general acceptance, crowding out, and finally causing to disappear, 
the older version—such a process of alteration might, in our view, have 
passed upon it, and such a text might have been handed down to our 
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time as Bentley would have pronounced, upon internal evidence, to have 
been composed early in the sixteenth century; while, nevertheless, the 
original error of the sun would remain, untouched and increasing, to in- 
dicate what was the true state of the case. 

But what is the actual position of things with regard to our Sid-! 
dhanta? We find that it presents us a set of planetary elements, which, ' 
when tested by the errors of position, in the manner already explained, 
do not appear to have been constructed so as to give the true sidereal 
positions at any assignable epoch, but which, on the other hand, exhibit 
evidences of an attempt to bring the places of the other planets into an 
accordance with that of the sun, made sometime in the tenth or eleventh 
century—the precise time is very doubtful, the discrepancies of the 
times of no error being far too great to give a certain result. Now it is 
as certain as anything in the history of Sanskrit literature can be, that 
there was a Stirya-Siddhanta in existence long before that date; there | 
is also evidence in the references and citations of other astronomical — 
works (see Colebrooke, Essays, ii. 484; Hind. Alg., p. 1) that there have 
been more versions than one of a treatise bearing the title; and we have 
seen above, in verse 9, a not very obscure intimation that the present 
work does not present precisely the same elements which had been ac- 
cepted formerly as those of the Sirya-Siddhanta. What can lie nearer, 
then, than to suppose that in the tenth or eleventh century a correction 
of bija was calculated for application to the elements of the SiddhAnta, 
and was then incorporated into the text, by the easy alteration of four 
or five of its verses; and accordingly, that while the comparative errors 
of the other planets betray the date of the correction, the absolute error 
of the sun indicates approximately the true date of the treatise ? 

In our table, the time of no error of the sun is given as A. D. 250. 
The correctness of this date, however, is not to be too strongly insisted 
upon, being dependent upon the correctness with which the sun’s place 
was first determined, and then referred to the point assumed as the 
origin of the sphere. It was, of course, impossible to observe directly 
when the sun’s centre, by his mean motion, was 10/ east of ¢ Piscium, 
and there are grave errors in the determination by the Hindus of the 
distances from that point of the other points fixed by them in their 
zodiac. And a mistake of 1° in the determination of the sun’s place 
would occasion a difference of 425 years in the resulting date of no 
error. We shall have occasion to recur to this subject in connection 
with the eighth chapter. 

There is also an alternative supposition to that which we have made 
above, respecting the conclusion from the date of no error of the sun. 
If the error in the sun’s motion were a fundamental feature of the whole 
Hindu system, appearing alike in all the different text-books of the 
science, that date would point to the origin rather of the whole system 
than of any treatise which might exhibit it. But although the different 
Siddhantas nearly agree with one another respecting the length of the 
sidereal year, they do not entirely accord, as is made evident by the 
following statement, in which are included all the authorities to which 
we have access, either in the original, or as reported by Colebrooke, 
Bentley, and Warren: 
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Error. 
+ 3m 258.81 
+3 25.25 
+3 20.75 
+3 20.09 


Authority. 
Sdrya-Siddhanta, 
Paulicga-SiddhAnta, 
Pérdcara-Siddhanta, 
Arya-Siddhanta, 
Laghu-Arya-Siddhanta, 12 30 +3 19.25 
Siddhanta-Ciromani, 2m. @ +2 58.25 


The first five of these might be regarded as unimportant variations 
of the same error, but it would seem that the last is an independent de- 
termination, and one of later date than the others; while, if all are 
independent, that of the Sairya-Siddhanta has the appearance of being 
the most ancient. Such questions as these, however, are not to be too 
hastily decided, nor from single indications merely; they demand the 
most thorough investigation of each different treatise, and the careful 
collection of all the evidence which can be broaght to bear upon them. 

Here lies Bentley’s chief error. He relied solely upon his method of 
examining the elements, applying even that, as we have seen, only par- 
tially and uncritically, and never allowing his results to be controlled 
or corrected by evidence of any other character. He had, in fact, no 
philology, and he was deficient in sound critical judgment. He thor- 
oughly misapprehended the character of the Hindu astronomical litera- 
ture, thinking it to be, in the main, a mass of forgeries framed for the 
purpose of deceiving the world respecting the antiquity of the Hindu 
people. Many of his most confident conclusions have already been 
overthrown by evidence of which not even he would venture to question 
the verity, and we are persuaded that but little of his work would stand 
the test of a thorough examination. 

The annexed table presents a comparison of the times of mean side- 
real revolution of the planets assumed by the Hindu astronomy, as rep- 
resented by two of its principal text-books, with those adopted by the 
great Greek astronomer, and those which modern science has established. 
The latter are, for the primary planets, from Le Verrier; for the moon, 
from Nichol (Cyclopedia of the Physical Sciences, London : 1857). 
Those of Ptolemy are deduced from the mean daily rates of motion in 
longitude given by him in the Syntaxis, allowing for the movement of 
the equinox according to the false rate adopted by him, of 36’’ yearly. 


Comparative Table of the Sidereal Revolutions of the Planets. 


Length of sidereal year. 
365d 6h 12m 368.56 
12 36 
12 31.50 
12 30.84 





Planct. 


Sarya-Siddhanta. | 


Siddhanta-Ciromani 


Ptolemy. 


Moderns. 





Sun, 
Mercury, 
Venus, 
‘Mars, 
Jupiter, 
Saturn, 
Moon: 
sid, rev. 
synod. rev. 
rev. of apsis, 
“ «6 node,| 











d hm =5s 
365 6 12 36.6 
87 23 16 22.3 
224 16 45 56.2 
686 23 56 23.5 
4,332 7 41 44.4 
10,765 18 33 13.6 


27 7 4312.6 
291244 2.8 
3,232 214 53.4 





6,794 9 35 45.4 


d hm . 
365 612 9.0 
87 23 16 41.5 
224 16 45 1.9 
686 23 57 1.5 
4,332 5 45 43.7 
10,765 19 33 56.5 


27 7 43 12.1 
29 12 44 2.3 
3,232 17 37. 6.0 
6,792 6 5 41.9 





d h m . 
365 36 9 48.6 
87 23 16 42.9 
224 16 51 56.8 
686 23 31 56.1 
4,332 18 910.5 
10,758 17 48 14.9 


27 7 4312.1 
2912 44 3.3 
3,232 9 52 13.6 
6,799 23 18 39.4 





4 kk. 224 
365 6 9108 
87 23 15 43.9 
224 16 49 80 
686 23 30 41.4 
4,332 14 2 8.6 
10,759 5 16 32.2 


27 743114 
291244 2.9 
3,232 13 48 29.6 
6,798 6 4x 45.6) 
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In the additional notes at the end of the work, we shall revert to the 
subject of these data, and of the light thrown by them upon the origin 
and age of the system. 


34....The number of risings of the asterisms, diminished by 
the number of the revolutions of each planet respectively, gives 
the number of risings of the planets in an Age. 

35. The number of lunar months is the difference between the 
number of revolutions of the sun and of the moon. If from it 
the number of solar months be subtracted, the remainder is the 
number of intercalary months. 

36. Take the civil days from the lunar, the remainder is the 
number of omitted lunar days (tthikshaya). From rising to 
rising of the sun are reckoned terrestrial civil days; 

37. Of these there are, in an Age, one billion, five hundred 
and seventy-seven million, nine hundred and seventeen thousand, 
eight hundred and twenty-eight; of lunar days, one billion, six 
hundred and three million, and eighty ; 

38. Of intercalary months, one million, five hundred and 
ninety-three thousand, three hundred and thirty-six; of omitted 
lunar days, twenty-five million, eighty-two thousand, two hun- 
dred and fifty-two ; 

39. Of solar months, fifty-one million, eight hundred and forty 
thousand. The number of risings of the asterisms, diminished 
by that of the revolutions of the sun, gives the number of ter- 
restrial days. 

40. The intercalary months, the omitted lunar days, the side- 
real, lunar, and civil days—these, multiplied by a thousand, are 
the number of revolutions, etc., in an AXon. 


The data here given are combinations of, and deductions from, those 
contained in the preceding passage (vv. 29-34), For convenience of 
reference, we present them below in a tabular form. 


In 4,320,000 years. In 1,080,000 years. 
Sidereal days, 1,582,237,828 395,559,457 
deduct solar revolutions, 4,320,000 1,080,000 





Natural, or civil days, 1,577,917,828 394,479,457 


Sidereal solar years, 4,320,000 1,080,000 
multiply by no. of solar months in a year, 12 12 





Solar months, 51,840,000 12,960,000 


Moon’s sidereal revolutions, 57,753,336 14,438,334 
deduct solar revolutions, 4,320,000 1,080,000 





Synodical revolutions, lunar months, 53,433,336 13,358,334 
deduct solar months, 51,840,000 12,960,000 


Yntercalary months, 1,593,336 398,334 


VOL. VI. 
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Lunar months, 53,433,336 13,358,334 
multiply by no. of lunar days in a month, 30 30 
. 


Lunar days, 1,603,000,080 400,750,020 
deduct civil days, 1,577,917,828 394,479,457 


Omitted lunar days, 25,082,252 6,270,563 








We add a few explanatory remarks respecting some of the terms em- 
ployed in this passage, or the divisions of time which they designate. 

The natural day, nycthemeron, is, for astronomical purposes, reckoned 
in the Sarya-Siddhanta from midnight to midnight, and 1s of invariable 
length ; for the practical uses of life, the Hindus count it from sunrise 
to sunrise; which would cause its duration to vary, in a latitude as high 
as our own, sometimes as much as two or three minutes. As above 
noticed, the system of Brahmagupta and some others reckon the astro- 
nomical day also from sunrise. 

For the lunar day, the lunar and solar month, and the general con- 
stitution of the year, see above, under verse 13. The lunar month, 
which is the one practically reckoned by, is named from the solar month 
in which it commences. An intercalation takes place when two lunar 
months begin in the same solar month : the former of the two is called 
an intercalary month (adhimdsa, or adhimdsaka, “extra month”), of the 
same name as that which succeeds it. 

The term “ omitted lunar day” (tithikshaya, “loss of a lunar day”) 
is explained by the method adopted in the calendar, and in practice, of 
naming the days of the month. The civil day receives the name of the 
lunar day which ends in it; but if two lunar days end in the same solar 
day, the former of them is reckoned as loss (kshaya), and is omitted, the 
day being named from the other. 


41. The revolutions of the sun’s apsis (manda), moving east- 
ward, in an Aon, are three hundred and eighty-seven; of that 
of Mars, two hundred and four; of that of Mercury, three hun- 
dred and sixty-eight ; 

42. Of that of Jupiter, nine hundred; of that of Venus, five 
hundred and thirty-five; of the apsis of Saturn, thirty-nine. 
Farther, the revolutions of the nodes, retrograde, are: 

43. Of that of Mars, two hundred and fourteen; of that of 
Mercury, four hundred and eighty-eight; of that of Jupiter, one 
hundred and seventy-four; of that of Venus, nine hundred and 
three ; 

44, Of the node of Saturn, the revolutions in an Zon are six 
hundred and sixty-two: the revolutions of the moon’s apsis and 
node have been given here already. 


In illustration of the curious feature of the Hindu system of astronomy 
presented in this passage, we first give the annexed table ; which shows 
the number of revolutions in the Aon, or period of 4,320,000,000 years, 
assigned by the text to the apsis and node of each planet, the resulting 
time of revolution, the number of years which adh would require to 
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pass through an are of one minute, and the position of each, according 
to the system, in 1850; the latter being reckoned in oyr method, from 
the vernal equinox. Farther are added the actual positions for Jan. 1, 
1850, as given by Biot (Traité d’ Astronomie, tom. v. 529); and finally, 
the errors of the positions as determined by this Siddhanta. 


Table of Revolutions and Present Position of the Apsides and Nodes of 






































the Planets, 
| aie | nae | Time of revolution N° 1 7err| aettiene cutie | ae 
an Aon. yours. motion. | A. D. 1850. | A. D. 1850. | position. 
|Apsides _ o 7 8 oa o 7 
| Sun, | 387 11,162,790.7 516.8 95 4 100 22 | — 5 16 
| Mereury,| 368 11,739,130.4 543.5 | 23815 | 255 7 | - 16 52 
Venus, | 535 8,074,766.4 373.8 97 39 | 309 24 | -211 45 
Mars, 204 21,176,470.6 980.4 | 147 49 153 18 | - 5 29 
| Jupiter, | goo 4,800,000.0 222.2 189 9 191 55 | - 2 46 
| Saturn, | 39 110,769,230.8 | 5128.2 254 24 | 270 6 | - 15 42 
Nodes : | 
| Mercury,; 488 |  8,852,459.0 | 4098 | 3827 | 4633 | - 8 6 
| Venus, | 903 4,784,053.2 221.5 77 26 ae ik A Se a 
| Mars, | 214 |  20,186,915.9 934.6 57 49 48 23 | + 9 26 
Jupiter, | 174 | 24,827,586.2 1149.4 97 26 98 54 - 1 28 
Saturn, | 662 | 6,525,678.2 302.1 18 7 112 22 | + 545 








A mere inspection of this table is sufficient to show that the Hindu 
astronomers did not practically recognize any motion of the apsides and 


nodes of the planets; since, even in the case of those to which they ° 


assigned the most rapid motion, two thousand years, at the least, would 
be required to produce such a change of place as they, with their im- 
perfect means of observation, would be able to detect. 

This will, however, be made still more clearly apparent by the next 
following table, in which we give the positions of the apsides and nodes 
as determined by four different text-books of the Hindu science, for the 
commencement of the Iron Age. 


Positions of the Apsides and Nodes of the Planets, according to Different 
Authorities, at the Commencement of the Iron Age, 3102 B. C. 





g : gure Siddhanta- Arya- Pardcara- 
Planet. |Sdrya-Siddhdnta. Ciromani. Siddhanta. Siddhanta. 





| Apsides : (rev.) 8 © + wi (rev.) 8 o 8* 6 (rev.) 8s 2 * | (rev.) Bo * 

| Sun, (175) 217 7 48(219) 21745 36(210) 217 45 36(219) 217 45 36 
Mercury, |(166) 7 1019 12\(t51) 714 47 2(154) 7 014 24\(162) 7 0 4019 
| Venus, |(242) 21939 of(298) 221 2 10(300) 0 17 16 48\(240) 2 20 42 43 
| Mars, (92) 4 957 36(:33) 4 818 14(136) 4 350 24(149) 4 2 43 26 
| Jupiter, (407) 521 © of(390) 522 15 36(378) 522 48 0448) 5 22 35 24 
| Saturn, | (17) 7 26 36 36) (18) 8 20 53 31] (16) 4 29 45 36) (24) 7 28 14 52 








| Mercury, |(221-) 0 20 52 48|(238-) o 21 20 ams2e-) 020 9 36\(296-) 0.21 1 26 
Venus, |(409-)2 0 1 48\(408-)2 0 5 2)(432-) 2 0 28 48)(408-)2 0 5 2 

Mars, (97-) 1 10 8 24)(122-) 0 21 59 46(136-) 1 1019 12(112-)1 9 3 36 
| Jupiter, | (79-) 2 19 44 24] (29-) 2 22 2 38) (44-) 2 20 38 24) (87-) 2 21 43 12 
| Saturn, |(300-) 3 10 37 12!(267-) 3 13 23 31/(283-) 3 10 48 o/(238-) 3 10 26 24 
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The data of the Arya and ParAcara Siddhantas, from which the posi- 
tions given in the table are calculated, are derived from Bentley (Hind. 
Ast. pp. 139, 144). To each position is prefixed the number of com- 
pleted revolutions; or, in the case of the nodes, of which the motion is 
retrograde, the number of whole revolutions of which each falls short 
by the amount expressed by its position. 

The almost universal disagreement of these four authorities with 
respect to the number of whole revolutions accomplished, and their 
general agreement as to the remainder, which deternmnes the position,* 
prove that the Hindus had no idea of any motion of the apsides and 
nodes of the planets as an actual and observable phenomenon; but, 
knowing that the moon’s apsis and node moved, they fancied that the 
symmetry of the universe required that those of the other planets should 
move also; and they constructed their systems accordingly. They held, 
too, as will be seen at the beginning of the second chapter, that the 
nodes and apsides, as well as the conjunctions (¢ighra), were beings, 
stationed in the heavens, and exercising a physical influence over their 
respective planets, and, as the conjunctions revolved, so must these also. 
In framing their systems, then, they assigned to these points such a 
number of revolutions in an Aon as should, without attributing to them 
any motion which admitted of detection, make their positions what they 
supposed them actually to be. The differences in respect to the number 
of revolutions were in part rendered necessary by the differences of other 
features of the systems; thus, while that of the Siddhanta-Ciromani 
makes the planetary motions commence at the beginning of the Aon, 
by that of the Strya-Siddhanta they commence 17,064,000 years later 
(see above, v. 24), and by that of the Arya-Siddhanta, 3,024,000 years 
later (Bentley, Hind. Ast. p. 139): in part, however, they are merely 
arbitrary ; for, although the Paragara-Siddhanta agrees with the Sid- 
dhanta-Ciromani as to the time of the beginning of things, its numbers 
of revolutions correspond only in two instances with those of the latter. 

It may be farther remarked, that the close accordance of the different 
astronomical systems in fixing the position of points which are so difficult 
of observation and deduction as the nodes and apsides, strongly indicates, 
either that the Hindus were remarkably accurate observers, and all 
arrived independently at a near approximation to the truth, or that some 
one of them was followed as an authority by the others, or that all alike 
derived their data from a common source, whether native or foreign. 
We reserve to the end of this work the discussion of these different 
possibilities, and the presentation of data which may tend to settle the 
question between them. 


45. Now add together the time of the six Patriarchs (manu), 
with their respective twilights, and with the dawn at the com- 
mencement of the Aton (kalpa) ; farther, of the Patriarch Manu, 
son of Vivasvant, 





* It is altogether probable that, in the two cases where the Arye-Siddhanta seems 
to di with the others, its data were either given incorrectly by Bentley’s au- 
thority, or have been incorrectly reported by him. 
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46. The twenty-seven Ages (yuga) that are past, and likewise 
the present Golden Age (krta yuga); from their sum subtract the 
time of creation, already stated in terms of divine years, 

47. In solar years: the result is the time elapsed at the end of 
the Golden Age; namely, one billion, nine hundred and fifty- 
three million, seven ee and twenty thousand solar years. 


We have already presented this computation, in full, in the notes to 
verses 23 and 24, 


48. To this, add the number of years of the time since 
past.... 


As the Strya-Siddhanta professes to have been revealed by the Sun 
about the end of the Golden Age, it is of course precluded from taking 
any notice of the divisions of time posterior to that period: there is 
nowhere in the treatise an allusion to any of the eras which are actually 
made use of by the inhabitants of India in reckoning time, with the ex- 
ception of the cycle of sixty years, which, by its nature, is bound to no 
date or period (see below, v. 55). The astronomical era is the com- 
mencement of the Iron Age, the epoch, according to this Siddh&nta, of 
the last general conjunction of the planets; this coincides, as stated 
above (under vv. 29-34) with Feb. 18, 1612 J. P., or 3102 B.C. From 
that time will have elapsed, upon the eleventh of April, 1859, the 
number of 4960 complete sidereal years of the Iron Age. The com- 
putation of the whole period, from the beginning of the present order 
of things, is then as follows : 

From end of creation to end of last Golden Age, 1,953,720,000 

Silver Age, 1,296,000 
Brazen Age, 864,000 . 
Of Iron Age, 4,960 2,164,960 


Total from end of creation to April, 1859, 1,955,884,960 





Since the Stirya-Siddh4nta, as will appear from the following verses, 
reckons by luni-solar years, it regards as the end of I. A. 4960 not 
the end of the solar sidereal year of that number, but that of the luni- 
solar year, which, by Hindu reckoning, is completed upon the third of 
the same month (see Ward, Kala Sankalita, Table, p. xxxii). 


48.... Reduce the sum to months, and add the months 
— of the current year, beginning with the light half of 

ditra. 

49. Set the result down in two places; multiply it by the 
number of intercalary months, and divide by that of solar 
months, and add to the last result the number of intercal 
months thus found; reduce the sum to days, and add the days 
expired of the current month ; 

50. Set the result down in two places; multiply it by the 
number of omitted lunar days, and divide by that of Trinsé days; 
subtract from the last result the number of omitted lunar days 
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— obtained: the remainder is, at.midnight, on the meridian of 
nka, 
51. The sum of days, in civil reckoning.... 


In these verses is taught the method of one of the most important 
and frequently recurring processes in Hindu Astronomy, the finding, 
namely, of the number of civil or natural days which have elapsed at 
any given date, reckoning either from the beginning of the present 
creation, or (see below, v. 56) from any required epoch since that time. 
In the modern technical language, the result is uniformly styled the 
ahargana, “sum of days;” that precise term, however, does not once 
occur in the text of the Sirya-Siddhanta: in the present passage we 
have dyugana, which means the same thing, and in verse 53 dinardgi, 
“heap or quantity of days.” 

The process will be best illustrated and explained by an example. 
Let it be required to find the sum of days to the beginning of Jan. 1, 
1860. 

It is first necessary to know what date corresponds to this in Hindu 
reckoning. We have remarked above that the 4960th year of the Iron 
Age is completed in April, 1859; in order to exhibit the place in the 
next following year of the date required, and, at the same time, to pre- 
sent the names and succession of the months, which in this treatise are 
assumed as known, and are nowhere stated, we have constructed the 
following skeleton of a Hindu calendar for the year 4961 of the Iron 
Age. 

Solar Year. 


month, first day. 





Loni-solar Year. 


(I. A. 4960.) 

. 12, Caitra, Mar. 13, 1859. =a first day. 

(IL, A. 4961.) €3. 4961.) 
1, Vaigikha, Apr. 12, do. 1. Cilien, Apr. 4, 1859. 
2, Jydishtha, May 13, do. a, Vaicékha, May 3, do. 
3. Ashadha, June 14, do. 3. Jydishtha, June 2, do. 
4. Qravana, July 15, do. 4. Ashadcha, July 1, do. 
5. Bhadrapada, Aug. 16, do, 5. Qravana, July 31, do. 
6. Agvina, Sept, 16, do. 6. Bhidrapada, Aug. 29, do. 
>. Karttika, Oct. 16, do. 7. Acvina, Sept. 28, do. 
8. Margagirsha, Nov. 15, do 8. Karttika, Oct. 27, do. 


. Margacirsha, Nov. 26, do. 


° 


9. Pausha, Dec. 15, do. 


10, Magha, Jan, 13, 1860 10, Pausha, Dec. 25, do. 

11. Phalguna, Feb. 11, do. 11, Magha, Jan. 24, 1860. 

12, Caitra, Mar. 12, do. 12, Phalguna, Feb. 22, do. 
: (I. A. 4962.) 

1, Caitra, Mar. 23, do. 


The names of the solar months are derived from the names-of the 
asterisms (see below, chap. viii.) in which, at the time of their being first 
so designated, the moon was full during their continuance. The same 
names are transferred to the lunar months. ‘Each lunar month is divided 
into two parts; the first, called the light half (cukla paksha, “bright 
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side”), lasts from new moon to full moon, or while the moon is waxing ; 
the other, called the dark half (Arshna paksha, “black side”), lasts from 
full moon to new moon, or while the moon is waning. 

The table shows that Jan. 1, 1860, is the eighth day of the tenth 
month of the 4961st year of the Iron Age. The time, then, for which 
we have to find the sum of days, is 1,955,884,960 y., 9m., 7 d. 


Number of complete years elapsed, 1,955,884,960 
multiply by number of solar months in a year, 12 
Number of months, 23,470,619,520 
add months elapsed of current year, 9 
Whole number of months elapsed, 23,470,619,529 


Now a proportion is made: as the whole number of solar months 
in an Age is to the number of intercalary months in the same period, so 
is the number of months above found to that of the corresponding 
intercalary months: or, 


51,840,000 : 1,593,336 : : 23,470,619,529 : 721,384,703 + 





Whole number of months, as above, 23,470,619,529 
add intercalary months, 721,384,703 
Whole number of lunar months, 24,192,004,232 
multiply by number of lunar days in a month, 30 
Number of lunar days, 725,760, 126,960 
add lunar days elapsed of current month, 7 


Whole number of lunar days elapsed, 725,760,1 26,967 


To reduce, again, the number of lunar days thus found to the corres- 
ponding number of solar days, a proportion is made, as before: as the 
whole number of lunar days in an Age is to the number of omitted lunar 
days in the same period, so is the number of lunar days in the period 
for which the sum of days is required to that of the corresponding 
omitted lunar days: or, 


1,603,000,080 : 25,082,252 : : 725,760,1 26,967 : 11,356,018,395 + 


Whole number of lunar days as above, 725,760, 126,967 
deduct omitted lunar days, 11,356,018,395 

Total number of civil days from end of creation 
to beginning of Jan. 1, 1860, t 714,404,108,574 


This, then, is the required sum of days, for the beginning of the year 
A.D. 1860, at midnight, upon the Hindu prime meridian. 

The first use which we are instructed to make of the result thus ob- 
tained is an astrological one. 


51.... From this may be found the lords of the day, the 
month, and the year, counting from the sun. If the number be 
divided by seven, the remainder marks the lord of the day, be- 
ginning with the sun. 

52. Divide the same number by the number of days in # 
month and in a year, multiply the one quotient by two and the 
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other by three, add one to each product, and divide by seven; 
the remainders indicate the lords of the month and of the 
year. 


These verses explain the method of ascertaining, from the sum of days 
already found, the planet which is accounted to preside over the day, 
and also those under whose charge are placed the month and year in 
which that day occurs. 

To find the lord of the day is to find the day of the week, since the 
latter derives its name from the former. The week, with the names and 
succession of its days, is the same in India as with us, having been 
derived to both from a common source. The principle upon which the 
assignment of the days to their respective guardians was made has been 
handed down by ancient authors (see Ideler, Handbuch d. math. u. tech. 
Chronologie, i. 178, etc.), and is well known. It depends upon the 
division of the day into twenty-four hours, and the assignment of each 
of these in succession to the planets, in their natural order; the day 
being regarded as under the dominion of that planet to which its first 
hour belongs. Thus, the planets being set down in the order of their 
proximity to the earth, as determined by the ancient systems of as- 
tronomy (for the Hindu, see below, xii. 84-88), beginning with the 
remotest, as follows: Saturn, Jupiter, Mars, sun, Venus, Mercury, moon, 
and the first hour of the twenty-four being assigned to the Sun, as chief 
of the planets, the second to Venus, etc., it will be found that the twenty- 
fifth hour, or the first of the second day, belongs to the moon ; the forty- 
ninth, or the first of the third day, to Mars, and so on. Thus is obtained 
a new arrangement of the planets, and this is the one in which this 
Siddhanta, when referring to them, always assumes them to stand (see, 
for instance, below, v. 70; ii. 35-37): it has the convenient property 
that by it the sun and moon are separated from the other planets, from 
which they are by so many peculiarities distinguished. Upon this order 
depend the rules here given for ascertaining also the lords of the month 
and of the year. The latter, as appears both from the explanation of 
the commentator, and from the rules themselves, are no actual months 
and years, but periods of thirty and three hundred and sixty days, fol- 
lowing one another in uniform succession, and supposed to be placed, 
like the day, under the guardianship of the planets to whom belong 
their first subdivisions: thus the lord of the day is the lord of its first 
hour; the lord of the month is the lord of its first day (and so of its 
first hour); the lord of the year is the lord of its first month (and so 
of its first day and hour). We give below this artificial arrangement 
of the planets, with the order in which they are found to succeed one 
another as lords of the periods of one, thirty, and three hundred and 
sixty days; we add their natural order of succession, as lords of the 
hours; and we farther prefix the ordinary names of the days, with their 
English equivalents. Other of the numerous names of the planets, it 
is to be remarked, may be put before the word vdra to form the name 
of the day: vdra itself means literally “successive time,” or “turn,” 
and is not used, so far as we are aware, in any other connection, to 
denote a day. 





Stirya-Siddhénta. 


Succession, as Lord of 
day, month, year, hour. 
Ravivéra, Sunday, Sun, I 

Somavira, Monday, Moon, 2 

Mangalavara, Tuesday, Mars, 3 

Budhavira, Wéiinesday, Mercury, 4 

Guruvara, Thursday, Jupiter, 5 

Qukravara, Friday, Venus, 6 

Canivara, Saturday, Saturn, 7 


As the first day of the subsistence of the present order of things is 
supposed to have been a Sunday, it is only necessary to divide the sum 
of days by seven, and the remainder will be found, in the first column, 
_— the name of the planet to which the required day belongs. 
Thus, taking the sum of days found above, adding to it one, for the first 
of January itself, and dividing by seven, we have : 


7) 714,404,108,573 
I 02,057,729,796 =] 


The first of January, 1860, accordingly, falls on a Sunday by Hindu 
reckoning, as by our own. 

On referring to the table, it will be seen that the lords of the months 
follow one another at intervals of two places. To find, therefore, by a 
summary process, the lord of the month in which occurs any given day, 
first divide the sum of days by thirty; the quotient, rejecting the re- 
mainder, is the number of months elapsed; multiply this by two, that 
each month may push the succession forward two steps, add one for the 
current month, divide by seven in order to get rid of whole series, and 
the remainder is, in the column of lords of the day, the number of the 
regent of the month required. Thus: 


30) 714,404,108,572 
23,813,470, 285-- 
2 


Name of day. Presiding Planet. 








47,626,940,570 
I 


7)47,626,940,571 
6,803,848,652 —7 


The regent of the month in question is therefore Saturn. 

By a like process is found the lord of the year, saving that, as the 
lords of the year succeed one another at intervals of three places, the 
multiplication is by three instead of by two. Upon working out the 
process, it will be found that the final remainder is five, which designates 
Jupiter as the lord of the year at the given time. 

Excepting here and in the parallel passage xii. 77, 78, no reference is 
made in the Strya-Siddhanta to the week, or to the names of its days. 
Indeed, it is not correct to speak of the week at all in connection with 
India, for the Hindus do not seem ever to have regarded it as a division 
of time, or a period to be reckoned by; they knew only of a certain order 
of succession, in which the days were placed under the regency of the 
seven planets. And since, moreover, as remarked above (under vwv. 11, 
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12), they never made that division of the day into twenty-four hours 
upon which the order of regency depends, it follows that the whole sys- 
tem was of foreign origin, and introduced into India along with other 
elements of the modern sciences of astronomy and astrology, to which 
it belonged. Its proper foundation, the lordship of the successive hours, 
is shown by the other p: e (xii. 78) to have been also known to the 
Hindus; and the name by which the hours are there called (hord =Gga) 
indicates beyond a question the source whence they derived it. - 


53. Multiply the sum of days (dinardégi) by the number of 
revolutions of. any planet, and divide by the number of civil 
days; the result is the position of that planet, in virtue of its 
mean motion, in revolutions and parts of a revolution. 


By the number of revolutions and of civil days is meant, of course, 
their number, as stated above, in an Age. For “ position of the planet,” 
etc., the text has, according to its usual succinct mode of expression, 
simply “is the planet, in revolutions, etc.” There is no word for “po- 
sition” or “place” in the vocabulary of this SiddhAnta. 

This verse gives the method of finding the mean place of the planets 
at any given time for which the sum of days has been ascertained, by 
a simple proportion : as the number of civil days in a period is to the 
number of revolutions during the same period, so is the sum of days to 
the number of revolutions and parts of a revolution accomplished down 
to the given time. Thus, for the sun: 

1,577,947,826 : 4,320,000 : : 714,404,108,572 : 1,955,884,q6orev 88 17° 48/ 7’ 

The mean longitude of the sun, therefore, Jan. Ist, 1860, at midnight 
on the meridian of Ujjayini, is 257° 48/7”. We have calculated in this 
manner the positions of all the planets, and of the moon’s apsis and 
node—availing ourselves, however, of the permission given below, in 
verse 56, and reckoning only from the last epoch of conjunction, the be- 
ginning of the Iron Age (from which time the sum of days is 1,811,945), 
and also employing the numbers afforded by the lesser period of 
1,080,000 years—and present the results in the following table. 


Mean Places of the Planets, Jan. 1st, 1860, midnight, at Ujjayint. 

















i The same 
Planet. Sinyas i hod corrected by the bija. 
(rev.) 8 ° U ” 8 . ’ " 
Sun, (4960) 8 17 4 7] 8 17 48 7 
Mercury, (20,597) 4 15 13 8] 4 8 36 16 
Venus, (8,063) 10 21 8 59] 10 16 11 22 
Mars, (2,637) 5 24 17 36 5 417 & 
Jupiter, (418) 2 26 0 7 2232 4 4 
Saturn, (168) 3 20 11 12] 3 25 8 50 
Moon, (66,318) 11 15 23 24{ 11 15 23 24 
“  apsis, (560) 10 9 42 26] 10 8 3 13 
“ node, (267-)9 24 206 4] 9 22 46 51 








The positions are Paap as deduced both from the numbers of 
revolutions stated in the text, and from th. same as corrected by the 
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bija: prefixed are the numbers of complete revolutions accomplished 
since the epoch. In the cases of the moon’s apsis and node, however, 
it was necessary to employ the numbers of revolutions given for the 
whole Age, these not being divisible by four, and also to add to their 
ascertained amount of movement their longitude at the epoch (see below, 
under vv. 57, 58). 


54. Thus also are ascertained the places of the conjunction 
(sighra) and apsis (mandocca) of each planet, which have been 
mentioned as moving eastward; and in like manner of the nodes, 
which have a retrograde motion, subtracting the result from a 
whole circle. 


The places of the apsides and nodes have already been given above 
(under vv. 41-44), both for the commencement of the Iron Age, and 
for A.D. 1850. The place of the conjunctions of the three superior 

lanets is, of course, the mean longitude of the sun. In the case of the 
inferior planets, the place of the conjunetion is, in fact, the mean place of 
the planet itself in its proper orbit, and it is this which we have given for 
Mercury and Venus in the preceding table: while to the Hindu appre- 
hension, the mean place of those planets is the same with that of the sun. 


55. Multiply by twelve the past revolutions of Jupiter, add 
the signs of the current revolution, and divide by sixty; the 
remainder marks the year of Jupiter’s cycle, counting from 
Vijaya. 

This is the rule for finding the current year of the cycle of sixty 
years, which is in use throughout. all India, and which is called the cycle 
of Jupiter, because the length of its years is measured by the passage 
of that planet, by its mean motion, through one sign of the zodiac. 
According to the data given in the text of this Siddhanta, the length of 
Jupiter’s year is 361404 38™; the correction of the bfja makes it about 
12™ longer. It was doubtless on account of the near coincidence of 
this period with the true solar year that it was adopted as a measure of 
time; but it has not been satisfactorily ascertained, so far as we are 
aware, where the cycle originated, or what is its age, or why it was 
made to consist of sixty years, including five whole revolutions of the 
planet. There was, indeed, also in use a cycle of twelve of Jupiter’s 
years, or the time of one sidereal revolution : see below, xiv. 17. Davis 
(As. Res. iii. 209, etc.) and Warren (Kala Sankalita, p. 197, etc.) have 
treated at some length of the greater cycle, and of the different modes 
of a and naming its years usual in the different provinces of 
India. 

In illustration of the rule, let us ascertain the year of the cycle cor 
responding to the present year, A.D. 1859. It is not necessary to make 
the calculation from the creation, as the rule contemplates; for, since 
the number of Jupiter’s revolutions in the period of 1,080,000 years is 
divisible by five, a certain number of whole cycles, without a remainder, 
will have elapsed at the beginning of the Iron Age. The revolutions of 
the planet since that time, as stated in the table last given, are 418, and 
it is in the 8rd sign of the 419th revolution ; the reduction of the whole 
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amount of movement to signs shows us that the current year is the 
5019th since the epoch: divide this by 60, to cast out whole cycles, and 
the remainder, 39, is the number of the year in the current cycle. This 
treatise nowhere gives the names of the years of Jupiter, but, as in the 
case of the months, the signs of the zodiac, and other similar matters, 
assumes them to be already familiarly known in their succession: we 
accordingly present them below. We take them from Mr. Davis’s paper, 
alluded to above, not having access at present to any original authority 
which contains them. 





1. Vijaya, 21. Pramédin. 41. Qrimukha. 
2. Jaya. 22, Ananda. 42, Bhava. 

3. Manmatha. 23, Rakshasa. 43, Yuvan. 

4. Durmukha, 24. Anala, 44, Dbéatar. 

5. Hemalamba. 25. Pingala. 45. Tevara. 

6. Vilamba. 26. Kalayukta. 46. Bahudhanya. 
7. Vikarin. 27. Siddharthin. 47. Pramathin. 
8. Carvari. 28, Raudra. 48, Vikrama. 

g. Plava. 29. Durmati. 49. Bbreya. 

10. Cubhakrt. 30, Dundubhi. 50, Citrabhanu. 
Il, Sobbans. 31. Rudhirodgarin, 51. Subhanu. 
12. Krodhin, 32. Raktdksha. 52. Térana. 

13. Vigvavasu. 33. Krodhana. 53. Parthiva. 
14. Parabhava. 34. Kshaya. 54. Vyaya. 

15. Plavanga. 35. Prabhava. 55. Sarvajit. 

16, Kilaka. 36. Yibhava. 56. Sarvadharin. 
17. Sdéumya. 37. Cukla. 57. Virodhin. 
18, Sadharana. 38. Pramoda. 58. Vikrta. 

19. Virodhakrt. 39. Prajapati. 59. Khara. 

20, Paridhavin. 40. Angiras, 60. Nandana. 


It appears, then, that the current year of Jupiter’s cycle is named 
Prajapati: upon dividing by the planet’s mean daily motion the ay of 
the current sign already passed over, it will be found that, according to 
the text, that year commenced on the twenty-third of February, 1859 ; 
or, if the correction of the dija be admitted, on the third of April. 

Although it is thus evident that the Stirya-Siddhanta regards both 
the existing order of things and the Iron Age as having begun with 
Vijaya, that year is not generally accounted as the first, but as the 
twenty-seventh, of the cycle, which is thus made to commence with 
Prabhava. An explanation of this discrepancy might perhaps throw 
important light upon the origin or history of the cycle. 

This method of reckoning time is called (see below, xiv. 1,2) the 
barhaspatya mana, “ measure of Jupiter.” 


56. The processes which have thus been stated in full detail, 
are practically applied in an abridged form. The calculation of 
the mean place of the planets may be made from any epoch 
(yuga) that may be fixed upon: 

57. Now, at the end of the Golden Age (krta yuga), all the 
planets, by their mean motion—excepting, however, their nodes 
and apsides (mandocca)—are in conjunction in the first of Aries. 

58. The moon’s apsis (ucca) is in the first of Capricorn, and 
its node is in the first of Libra; and the rest, which have been 
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stated above to have a slow motion—their position cannot be 
expressed in whole signs. 


It is curious to observe how the Sirya-Siddhanta, lest it should seem 
to admit a later origin than that which it claims in the second verse of 
this chapter, is compelled to ignore the real astronomical epoch, the 
beginning of the Iron Age; and also how it avoids any open recog- 
nition of the lesser cycle of 1,080,000 years, by which its calculations 
are so evidently intended to be made. 

The words at the end of verse 56 the commentator interprets to mean : 
“from the beginning of the current, i.e., the Silver, Age.” In this he 
is only helping to keep up the pretence of the work to immemorial an- 
py an even going therein beyond the text itself, which expressly says : 
“from any desired (ishtatas) yuga.” Possibly, however, we have taken 
too great a liberty in rendering yuga by “epoch,” and it should rather 
be “ Age,” i.e., “ beginning of an Age.” The word yuga comes from 
the root yuj, “to join” (Latin, jungo; Greek, Cedyyuue: the word itself 
is the same with jugum, Cvyév), and seems to have been originally ap- 
plied to indicate a cycle, or period, by means of which the conjunction 
or correspondence of discordant modes of reckoning time was kept up ; 
thus it still signifies also the /ustrum, or cycle of five years, which, with 
an intercalated month, anciently maintained the correspondence of the 
year of 360 days with the true solar year. From such uses it was trans- 
ferred to designate the vaster periods of the Hindu chronology. 

As half an Age, or two of the lesser periods, are accounted to have 
elapsed between the end of the Golden and the beginning of the Iron 
Age, the planets, at the latter epoch, have again returned to a position 
of mean conjunction : the moon’s node, also, is still in the first of Libra, 
but her apsis has changed its place half a revolution, to the first of 
Cancer (see above, under vv. 29-34). The positions of the apsides and 
nodes of the other planets at the same time have been given already, 
under verses 41-44, 

The Hindu names of the signs correspond in signification with our own, 
having been brought into India from the West. There is nowhere in 
this work any allusion to them as constellations, or as having any fixed 
position of their own in the heavens: they are simply the names of the 
successive signs (régi, bha) into which any circle is divided, and it is left 
to be determined by the connection, in any case, from what point they 
shall be counted. Here, of course, it is the initial point of the fixed 
Hinda ge (see above, under v. 27). As the signs are, in the sequel, 
frequently cited by name, we present annexed, for the convenience of 
reference of those to whose memory they are not familiar in the order 
of their succession, their names, Latin and Sanskrit, their numbers, and 
the figures generally used to represent them. Those enclosed in 
brackets do not chance to occur in our text. 


1. Aries, Pp mesha, aja. 7. Libra, x tuld., 

2. Taurus, 8 vrshan, 8. Scorpio, m [vrecika,] ali. 
3. Gemini, TJ mithuna. 9. Sagittarius, jf dhanus. 

4. Cancer, $3 karka, karkata. 10, Oapricornus, yf makara, mrya. 
5. Leo, Q [sinha]. 11. Aquarius, <= kumbha. 

6. Virgo, MP kanyd. 12, Pisces, % [mina]. 
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In the translation given above of the second half of verse 58, not a 
little violence is done to the natural construction. This would seem to 
require that it be rendered : “and the rest are in whole signs (have come 
to a position which is without a remainder of degrees); they, being of 
slow motion, are not stated here.” But the actual condition of things 
at the epoch renders necessary the former translation, which is that of 
the commentator also. We cannot avoid conjecturing that the natural 
rendering was perhaps the original one, and that a subsequent alteration 
of the elements of the treatise compelled the other and forced interpre- 
tation to be put upon the passage. 

The commentary gives the positions of the apsides and nodes (those 
of the nodes, however, in reverse) for the epoch of the end of the Golden 
Age, but, strangely enough, both in the printed edition and in our manu- 
script, commits the blunder of giving the position of Saturn’s node a 
second time, for that of his apsis, and also of making the seconds of the 

osition of the node of Mars 12, instead of 24. We therefore add them 
elow, in their correct form. 


Motion of the Apsides and Nodes of the Planets, to the End of the last 























Golden Age. 
Planet. Apsis. Node. 
(rev.) 8 ° ' (rev.) ns a ’ 

Sun, (175) o 7 28 12 

Mercury, (166) 5 4 4 48| (220) 8 11 16 48 
Venus, (241) 11 13 ar ©} (408) 4 17 25 48* 
Mars, (92) 3 3 14 24| (96) 9 11 20 24 
Jupiter, (407) © 9 © o| (78) 8 8 56 24 
Saturn, (17) 7 19 35 24| (299) 4 20 13 12 








The method of finding the mean places of the planets for midnight 
on the prime meridian having been now fully explained, the treatise 
proceeds to show how they may be found for other places, and for other 
times of the day. To this the first requisite is to know the dimensions 


of the earth. 


59. Twice eight hundred yojanas are the diameter of the earth: 
the square root of ten times the square of that is the earth’s cir- 
cumference. 

60. This, multiplied by the sine of the co-latitude Cambajyd) 
of any place, and divided by radius (ériivd), is the eorrecte 
{sphuta) circumference of the earth at that place. ... 


There is the same difficulty in the way of ascertaining the exactness 
of the Hindu measurement of the earth as of the Greek; the uncer- 
tain value, namely, of the unit of measure employed. The yojana is 
ordinarily divided into kroga, “cries” (i. e., distances to which a certain 
cry may be heard); the kroga into dhanus, “bow-lengths,” or danda, 
“poles;” and these again into hasta, “cubits.” By its origin, the latter 





* The printed edition, by an error of the press, gives 4. 
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ought not to vary far from eighteen inches; but the higher measures 
differ greatly in their relation to it. The usual reckoning makes the 
yojana equal 32;000 cubits, but it is also sometimes regarded as com- 
d of 16,000 cubits; and it is accordingly estimated by different au- 
thorities at from four and a half to rather more than ten miles English. 
This uncertainty is no merely modern condition of things : Hiuen-Thsang, 
the Chinese monk who visited India in the middle of the seventh cen- 
tury, reports (see Stanislas Julien’s Mémoires de Hiouen-Thsang, i. 59, 
etc.) that in India “according to ancient tradition a yojana equals forty 
li; according to the customary use of the Indian kingdoms, it is thirty 
li; but the yojana mentioned in the sacred books contains only sixteen 
k:” this smallest yojana, according to the value of the i given by Wil- 
liams (Middle Kingdom, ii. 154), being equal to from five to six English 
miles. At the same time, Hiuen-Thsang states the subdivisions of the 
ojana in a manner to make it consist of only 16,000 cubits. Such 
deg the condition of things, it is clearly impossible to appreciate the 
value of the Hindu estimate of the earth’s dimensions, or to determine 
how far the disagreement of the different astronomers on this point may 
be owing to the difference of their standards of measurement. Arya- 
bhatta (see Colebrooke’s Hind. Alg. p. xxxviii; Essays, ii. 468) states the 
earth’s diameter to be 1050 yojanas; Bhaskara (Siddh.-Cir. vii. 1) gives 
it as 1581: the latter author, in his Lilavati (i. 5, 6), makes the yojana 
consist of 32,000 cubits. 

The ratio of the diameter to the circumference of a circle is here 
made to be 1:./10, or 1 : 3.1623, which is no very near approximation. 
It is not a little surprising to find this determination in the same treatise 
with the much more accurate one afforded by the table of sines given in 
the next chapter (vv. 17-21), of 3438 : 10,800, or 1 : 3.14136; and then 
farther, to find the former, and not the latter, made use of in calculating 
the dimensions of the planetary orbits (see below, xii. 83). But the 
same inconsistency is found also in other astronomical and mathematical 
authorities. Thus Aryabhatta (see Colebrooke, as above) caiculates the 
earth’s circumference from its diameter by the ratio 7 : 22, or 1 : 3.14286, 
but makes the ratio 1 :./10 the basis of his table of sines, and Brahma- 
gupta and Cridhara also adopt the latter. Bhaskara, in stating the 
earth’s circumference at 4967 yojanas, is very near the truth, since 
1581 : 4967 ::1: 3.14168: his Lilavati (v. 201) gives 7:22, and also, 
as more exact, 1250 : 3927, or 1: 3.1416. This subject will be reverted 
to in connection with the table of sines. 

The greatest circumference of the earth, as calculated according to 
the data and method of the text, is 5059.556 yojanas. The astronomical 
— must be regarded as an independent standard of measurement, 

y which to estimate the value of the other dimensions of the solar 
system stated in this treatise. To make the earth’s mean diameter cor- 
rect as determined by the Strya-Siddhdnta, the yojana should equal 
4.94 English miles; to make the circumference correct, it should equal 
4.91 miles. 

The rule for finding the circumference of the earth upon a parallel of 
latitude is founded upon a simple proportion, viz., rad. : cos. latitude : : 
circ. of earth at equator: do. at the given parallel; the cosine of the 
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latitude being, in effect, the radius of the circle of latitude. Radius and 
cosine of latitude are tabular numbers, derived from the table to be 
given afterward (see below, ii. 17-21). This treatise is not accustomed 
| to employ cosines directly in its calculations, but has special names for 
the complements of the different arcs which it has occasion to use. 
. Terrestrial latitude is styled aksha, “axle,” which term, as appears from 
xii, 42, is employed elliptically for akshonnati, “ elevation of the axle,” 
i.e, “of the pole:” lamba, co-latitude, which properly signifies “lag- 
ging, dependence, falling off,” is accordingly the depression of the pole, 
or its distance from the zenith. Directions for finding the co-latitude 
are given below (iii. 13, 14). 
The latitude of Washington being 38° 54’, the sine of its co-latitude 
is 2675’; the proportion 3438 : 2675 : : 5059.64 : 3936.75 gives us, then, 
the earth’s circumference at Washington as 3936.75 yojanas. 


60.... Multiply the daily motion of a mer by the distance 
in longitude (depdntara) of any place, and divide by its corrected 

circumference ; 

| 61. The quotient, in minutes, subtract from the mean position 

of the planet as found, if the place be east of the prime meridian 

| (rekhd) ; add, if it be west; the result is the planet’s mean po- 

sition at the given place. 


The rules previously stated have ascertained the mean places of the 
paw ata given midnight upon the prime meridian; this teaches us 
ow to find them for the same midnight upon any other meridian, or, 
how to correct for difference of longitude the mean places already found. 
The proportion is: as the circumference of the earth at the latitude of 
the point of observation is to the part of it intercepted between that 
point and the prime meridian, so is the whole dai Pacwany of each 
| planet to the amount of its motion during the time between midnight 
on the one meridian and on the other. The distance in longitude 
(degdntara, literally “difference of region”) is estimated, it will be ob- 
served, neither in time nor in arc, but in yojanas. How it is ascertained 
is taught below, in verses 63-65, 
The geographical position of the prime meridian (rekhd, literally 
“line ”) is next stated. 


62. Situated upon the line which passes through the haunt of 
the demons (rékshasa) and the mountain which is the seat of the 
gods, are Rohitaka and Avanti, as also the adjacent lake. 


The “haunt of the demons” is Lanka, the fabled seat of Ravana, the 
chief of the Rakshasas, the abduction by whom of Rama’s wife, with 
the expedition to Lank& of her heroic husband for her rescue, its ac- 
complishment, and the destruction of Ravana and his people, form the 
subject of the epic poem called the Ramayana. In that poem, and to 
the general apprehension of the Hindus, Lanka is the island Ceylon; in 
the astronomical geography, however (see below, xii. 39), it is a city, 
situated upon the equator. How far those who established the meridian 
may have regarded the actual position of Ceylon as identical with that 
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assigned to Lank&é might not be easy to determine. The “seat of the 

gods” is Mount Meru, situated at the north pole (see below, xii. 34, etc.). 
The meridian is usually styled that of Lanka, and “at Lanka” is the 
ordinary phrase made use of in this treatise (as, for instance, above, v. 
50; below, iii. 43) to designate a situation either of no longitude or of 
no Jatitude. 

But the circumstance which actually fixes the position of the prime 
meridian is the situation of the city of Ujjayini, the O¢yv7 of the Greeks, 
the modern Ojein. It is called in the text by one of its ancient names, 
Avanti. It is the capital of the rich and populous province of Malava, 
occupying the plateau of the Vindhya mountains just north of the 
principal ridge and of the river Narmada (Nerbudda), and from old 
time a chief seat of Hindu literature, science, and arts. Of all the cen- 
tres of Hindu culture, it lay nearest to the great ocean-route by which, 
during the first three centuries of our era, so important a commerce was 
carried on between Alexandria, as the mart of Rome, and India and the 
countries lying still farther east. That the prime meridian was made 
to pass through this city proves it to have been the cradle of the Hindu 
science of astronomy, or its principal seat during its early history. Its 
actual situation is stated by Warren (Ka4la Sankalita, p. 9) as lat. 23° 
11’ 30” N,, long. 75° 53’ E. from Greenwich: a later authority, Thorn- 
ton’s Gezetteer of India (London: 1857), makes it to be in lat. 23° 10’ N., 
long. 75° 47’ E.; in our farther calculations, we shall assume the latter 
position to be the correct one. 

The situation of Rohitaka is not so clear; we have not succeeded in 
finding such a place mentioned in any work on the ancient geography 
of India to which we have access, nor is it to be traced upon Lassen’s 
map of ancient India. A city called Rohtuk, however, is mentioned by 
Thornton (Gazetteer, p. 836), as the chief place of a modern British 
district of the same name, and its situation, a little to the north-west of 
Delhi, in the midst of the ancient Kurukshetra, leads us to regard it as 
identical with the Rohitaka of the text. That the meridian of Lanka 
was expressly recognized as passing over the Kurukshetra, the memora- 
ble site of the great battle described by the Mahabharata, seems clear. 
Bhaskara (Siddh.-Cir., Gan., vii. 2) describes it as follows: “the line 
which, passing above Lanka and Ujjayini, and touching the region of 
the Kurukshetra, etc., goes through Meru—that line is by the wise 
regarded as the central meridian (madhyarekhé) of the earth.” Our 
own commentary also explains sannihitam sarah, which we have transla- 
ted “adjacent lake,” as signifying Kurukshetra. Warren (as above) 
takes the same expression to be the name of a city, which seems to us 
highly improbable; nor do we see that the word saras can properly be 
applied to a tract of country: we have therefore thought it safest to 
translate literally the words of the text, confessing that we do not know 
to what they refer. 

If Rohitaka and Rohtuk signify the same place, we have here a 
measure of the accuracy of the Hindu determinations of longitude; 
Thornton gives its longitude as 76° 38’, or 51’ to the east of Ujjayini. 

The method by which an observer is to determine his distance from 
the prime meridian is next explained. : 
VOL. VI. 24 
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63. When, in a total eclipse of the moon, the emergence 
(unmilana) takes place after the calculated time for its occur- 
rence, then the place of the observer is to the east of the central 
meridian ; 

64. When it takes place before the calculated time, his place 
is to the west: the same thing may be ascertained likewise from 
the immersion (nimilana). Multiply by the difference of the two 
times in nadis the corrected circumference of the earth at the 
place of observation, : 

65. And divide by sixty: the result, in yojanas, indicates the 
distance of the observer from the meridian, to the east or to the 
west, upon his own parallel; and by means of that is made the 
correction for difference of longitude. 


Choice is made, of course, of a lunar eclipse, and not of a solar, for 
the purpose of the determination of longitude, because its phenomena, 
being unaffected by parallax, are seen everywhere at the same instant of 
absolute time; and the moments of total disappearance and first reap- 
pearance of the moon in a total eclipse are farther selected, because the 
precise instant of their occurrence is observable with more accuracy than 
that of the first and last contact of the moon with the shadow. For 
the explanation of the terms here used see the chapters upon eclipses 
(below, iv—vi). 

The interval between the computed and observed time being ascer- 
tained, the distance in longitude (degdntara) is found by the simple 
proportion: as the whole number of nadis in a day (sixty) is to the inter- 
val of time in nadis, so is the circumference of the earth at the latitude 
of the point of observation to the distance of that point from the prime 
meridian, measured on the parallel. Thus, for instance, the distance of 
Ujjayini from Greenwich, in time, being 55 3™ 8%, and that of Washing- 
ton from Greenwich 54 8m 118 (Am. Naut. Almanac), that of Ujjayini 
from Washington is 10h 11™ 198, or, in Hindu time, 25" 28¥ 17.8, or 
25.4718: and by the proportion 60 : 25.4718 : : 3936.75 : 1671.28, we 
obtain 1671.28 yojanas as the distance in longitude (degdntara) of 
Washington from the Hindu meridian, the constant quantity to be em- 
ployed in finding the mean places of the planets at Washington. 

We might have expected that calculators so expert as the Hindus 
would employ the interval of time directly in making the correction for 
difference of longitude, instead of reducing it first to its value in yojanas, 
That they did not measure longitude in our manner, in degrees, etc., is 
owing to the fact that they seem never to have thought of applying to 
the globe of the earth the system of measurement by circles and divi- 
sions of circles which they used for the sphere of the heavens, but, even 
when dividing the earth into zones (see below, xii. 59-66) reduced all 
their distances laboriously to yojanas. 


66. The suecession of the week-day (véra) takes place, to the 
east of the meridian, at a time after midnight equal to the differ- 
ence of longitude in nfdis; to the west of the meridian, at a 
corresponding time before midnight. 


* 
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This verse appears to us to be an astrological precept, asserting the 
regency of the sun and the other planets, in their order, over the suc- 
cessive portions of time assigned to each, to begin everywhere at the 
same instant of absolute time, that of their true commencement upon 
the prime meridian; so that, for instance, at Washington, Sunday, as 
the day placed under the guardianship of the sun, would really begin at 
eleven minutes before two on Saturday afternoon, by local time. The 
commentator, however, sees in it merely an intimation of what moment 
of local time, in places east and west of the meridian, corresponds to 
the true beginning of the day upon the prime meridian, and he is at 
much pains to defend the verse from the charge of being superfluous 
and unnecessary, to which it is indeed liable, if that be its only meaning. 

The rules thus far given have directed us only how to find the mean 
places of the planets at a given midnight. The following verse teaches 
the method of ascertaining their position at any required hour of the 
day. | 


67. Multiply the mean daily motion of a planet by the number 
of nadis of the time fixed upon, and divide by sixty: subtract 
the quotient from the place of the planet, if the time be before 
midnight; add, if it be after: the result is its place at the given 
time. 


The proportion is as follows: as the number of nadis in a day (sixty) 
is to those in the interval between midnight and the time for which the 
mean place of the planet is sought, so is the whole daily motion of the 
planet to its motion during the interval; and the result is additive or 
subtractive, of course, according as the time fixed upon is after or before 
midnight. 

In order to furnish a practical test of the accuracy of this text-book 
of astronomy, and of its ability to yield correct results at the present 
time, we have calculated, by the rule given in this vers®, the mean longi- 
tudes of the planets for a time after midnight of the first of January, 
1860, on the meridian of Ujjayini, which is equal to the distance in 
time of the meridian of Washington, viz. 25" 28¥ 1?.8, or 04.42453; and 
we present the results in the annexed table. The longitudes are given 
as reckoned from the vernal equinox of that date, which we make to be 
distant 18° 5’ 8.25 from the point established by the Sarya-Siddhanta 
as the beginning of the Hindu sidereal sphere; this is (see below, chap. 
viii) 10’ east of ¢ Piscium. We have ascertained the mean places both 
as determined by the text of our Siddhanta, and by the same with the 
correction of the bija. Added are the actual mean places at the time 
designated : those of the primary planets have been found from Le Ver- 
rier’s elements, presented in Biot’s treatise, as cited above ;* those of 
the moon, and of her apsis and node, were kindly furnished us from the 
office of the American Nautical Almanac, at Cambridge. 





* We would warn our readers, however, of a serious error of the press in the 
Fe as tm by Biot; as the yearly motion of the earth, read 1,295,977.38, instead 
of ... 972.88. 
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Mean Longitudes of the Planets, Jan. 1st, 1860, midnight, at Washington. 
According to Stirya-Siddhanta: | According to 
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pe text. with bija. moderns. 

| ° ’ ” ° ’ ” ° ’ ” 
| Sun, 96 18 21| 96 18 21} 100 5 6 
| Mercury, 155 2 30| 148 25 39] 151 28 20 
| Venus, 339 54 55 | 334 57 18 336 13 % 
Mars, 192 36 5| 192 36 5 | 197 26 32 
Jupiter, 104 7 22| 100 48 56] 103 35 17 
Saturn, 128 17 11 | 133 14 49} 137 10 10 
Moon, 9 4 9 9 4 9] 12 4 23 
“ — apsis, 327 50 24] 326 rr 11} 326 47 35 
“ node, 312 29 51 | 310 50 38 | 312 48 10 






















In the next following table is farther given a view of the errors of the 
Hindu determinations—both the absolute errors, as compared with the 
actual mean place of each planet, and the relative, as compared with 
the place of the sun, to which it is the aim of the Hindu astronomical 
systems to adapt the elements of the other planets. Amnnexed to each 
error is the approximate date at which it was nothing, or at which it 
will hereafter disappear, ascertained by dividing the amount of present 
error by the present yearly loss or gain, absolute or relative, of each 
planet; excepting in the case of the moon, where we have made allow- 
ance, according to the formula used by the American Nautical Almanac, 
for the acceleration of her motion. 


Errors of the Mean Longitudes of the Planets, as calculated according to 
the Strya-Siddhdanta. 






















































































Pl Errors according to text : The same, with bija: 
neh | absotute. |.wh60 | rol. to aun. [M&M absotute. |.%B= | rel to sun. |,Zhem, 
ol an. ee pa “| ap. 7) eo 
Sun, -3 45:4) 250) o 0 O|....1-3 4 4 250} © 6. GO sca 
Mercury, +3 34 10) 2332 | +7 20 55) 3271 | -3 2 41| 1517|+0 44 , 5} 1970 
Venus, +3 41 19) 1222|+7 28 4) 941 | -1 16 18) 2126/+42 30 27) 1509 
Mars, -4 50 27| 886)-1 3 42) 1455|-4 50 27) 886|}-1 3 42) 1455 
Jupiter, +o 32 5) 1571 |+4 18 50} 832 /|-2 46 21) 4203/41 © 24) 1575 
Saturn, -8 52 5<| 666/-5 6 14) 857/-3 55 21 1250}-o 8 36) 1825 
Moon, -3 37 144 115|+0 9g 31) 1067|-3 37 14 115|4+0 9g 31) 1067 
“ apsis,|+1 2 49] 1679|+4 49 34) 1252 | -o0 36 24) 1969/+3 10 21) 1459 
: « node, | -o 18 19] 1976 | +3 28 26) 1162 | -1 57 32) 2714|+1 49 13) 1468 


To complete the view of the planetary motions, and the statement of 
4 the elements requisite for ascertaining their position in the sky, it only 
i remains to give the movement in latitude of each, its deviation from the 
general planetary path of the ecliptic. This is done in the concluding 
verses of the chapter. 









68. The moon is, by its node, caused to deviate from the limit. of 
its declination (krdniz), northward and southward, to a distance, 
when greatest, of an eightieth part of the minutes of a circle; 
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69. Jupiter, to the ninth part of that multiplied by two; 
Mars, to the same amount multiplied by three; Mercury, Venus, 
and Saturn are by their nodes caused to deviate to the same 
amount multiplied by four. 

70. So also, twenty-seven, nine, twelve, six, twelve, and twelve, 
multiplied respectively by ten, give the number of minutes of 
mean latitude (vikshepa) of the moon and the rest, in their order. 


The deviation of the planets from the plane of the ecliptic is here 
stated in two different ways, which give, however, the same results; 
thus: 





600! 
Moon, ae = 270! or a7' X 10 = 270! = 4° 3o! 
270! , © 36 
Mars, 7 asm or 9 X 10 = go! = 1° 30! 
U 
Mercury, = xX 4 = 120 or 19’ % to => 330 = 3° 
270! 
Jupiter, “<i 2= 60’ or 6X 10 = 60 = 1° 
, 
Venus, =x 4 = 120! or 12'X 10 = 120' = 2° 
U 
Saturn, _ X 4 = 120! or 12! X 10 = 120’ = 2° 


The subject of the latitude of the planets is completed in verses 6-8, 
and verse 57, of the following chapter; the former passage describes 
the manner, and indicates the direction, in which the node produces its 
disturbing effect ; the latter gives the rule for calculating the apparent 
latitude of a planet at any point in its revolution. 

There is a little discrepancy between the two specifications presented 
in these verses, as regards the description of the quantities specified : 
the one states them to be the amounts of greatest (parama) deviation 
from the ecliptic; the other, of mean (madhya) deviation. Both de- 
scriptions are also somewhat inaccurate. The first is correct only with 
reference to the moon, and the two terms require to be combined, in 
order to be made applicable to the other planets. The moon has its 
greatest latitude at 90° from its node, and this latitude is obviously 
equal to the inclination of its orbit to the ecliptic; for although its 
absolute distance from the ecliptic at this point of its course varies, as 
does its distance from the earth, on account of the eccentricity of its 
orbit, and the varying relation of the line of its apsides to that of its 
nodes, its angular distance remains unchanged. So, to an observer sta- 
tioned at the sun, the greatest latitude of any one of the primary planets 
would be the same in its successive ‘revolutions from node to node, 
and equal to the inclination of its orbit. But its greatest latitude as 
seen from the earth is very different in different revolutions, both on 
account of the difference of its absolute distance from the ecliptic 
when at the point of greatest removal from it in the two halves of its 
orbit, and, much more, on account of its varying distance from the earth. 
The former of these two causes of variation was not recognized by the 
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Hindus: in this treatise, at least, the distance of the node from the 
apsis (mandocca) is not introduced as an element into the process for 
determining a planet’s latitude. The other cause of variation is duly 
allowed for (see below, ii. 57). Its effect, in the case of the three supe- 
rior planets, is to make their greatest latitude sometimes greater, and 
sometimes less, than the inclination of their orbits, according as the 
planet is nearer to us than to the sun, or the contrary ; hence the values 
given in the text for Mars, Jupiter, and Saturn, as they represent the 
mean apparent values, as latitude, of the greatest distance of each planet 
from the ecliptic, should nearly equal the inclination. In the case of 
Mercury and Venus, also, the quantities stated are the mean of the differ- 
ent apparent values of the greatest heliocentric latitude, but this mean 
is of course less, and for Mercury very much less, than the inclination. 
Ptolemy, in the elaborate discussion of the theory of the latitude con- 
tained in the thirteenth book of his Syntaxis, has deduced the actual 
inclination of the orbits of the two inferior planets: this the Hindus do 
not seem to have attempted. 

We present below a comparative table of the inclinations of the 
orbits of the planets as determined by Ptolemy and by modern astrono- 
mers, with those of the Hindus, so far as given directly by the Sarya- 
Siddhanta. 


Inclination of the Orbits of the Planets, according to Different Authorities. 









































Planet. Sirya-Siddhanta. Ptolemy. Moderns. 
Mercury, | «----- 7 7 o «8 
Bae ee 3 30 a: SB 
Mars, 1 30 1 2 Sev ee 
Jupiter, I 1 30 1 18 40 
Saturn, 2 2 30 2 29 28 
Moon, 4 30 5 5 8 40 

















The verb in verses 68 and 69, which we have translated “caused to 
deviate,” is vi kshipyate, literally “is hurled away,” disjicitur ; from it is 
derived the term used in this treatise to signify celestial latitude, vikshe- 
pa, “disjection.” The Hindus measure the latitude, however, as we 
shall have occasion to notice more particularly hereafter, upon a circle 
of declination, and not upon a secondary to the ecliptic. In the words 
chosen to designate it is seen the influence of the theory of the node’s 
action, as stated in the first verses of the next chapter. The forcible 
removal is from the point of declination (Ardnti, “gait,” or apakrama, 
“ withdrawal,” i. e., from the celestial equator) which the planet ought 
at the time to occupy. 


The title given to this first chapter (adhikdra, “subject, heading”) is 
madhyamadhikéra, which we have represented in the title by “mean 
motions of the planets,” although it would be more accurately rendered 
by “mean places of the planets ;” that is to say, the data and methods 
requisite for ascertaining their mean places. Now follows the spashté- 
dhkéra, “chapter of the true, or corrected, places of the planets.” 













































Sarya-Siddhanta. 


CHAPTER II. 


OF THE TRUE PLACES OF THE PLANETS. 


Contents :—1-3, causes of the irregularities of the planetary motions; 4-5, disturb- 
ing influence of the apsis and conjunction; 6-8, of the node; 9-11, different 
degree of irregularity of the motion of the different planets; 12-13, different 
kinds of planetary motion; 14, purpose of this chapter; 15-16, rule for con- 
structing the table of sines; 17-22, table of sines; 22-27, table of versed sines; 
28, inclination of the ecliptic, and rule for finding the declination of any point in 
it; 29-80, to find the sine and cosine of the anomaly ; 31-32, to find, by interpo- 
lation, the sine or versed sine corresponding to any given arc; 33, to find, in like 
manner, the are corresponding to a given sine or versed sine; 34-37, dimensions 
of the epicycles of the planets; 38, to find the true dimensions of the epicycle at 
any point in the orbit; 39, to find the equation of the apsis, or of the centre; 
40-42, to find the equation of the conjunction, or the annual equation; 43-45, 
application of these equations in finding the true places of the different planets ; 
46, correction of the place of a planet for difference between mean and apparent 
solar time; 47-49, how to correct the daily motion of the planets for the effect of 
the apsis; 50-51, the same for that of the conjunction; 51-55, retrogradation of 
the lesser planets; 56; correction of the place of the node; 57-58, to find the celes- 
tial latitude of a planet, and its declination as affected by latitude; 59, to find the 
length of the day of any planet; 60, to find the radius of the diurnal circle; 
1-63, to find the day-sine, and the respective length of the day and night ; 64, 
to find the number of asterisms traversed by a planet, and of days elapsed, since 
the commencement of the current revolution; 65, to find the yoga; 66, to find 
the current lunar day, and the time in it of a given instant ; 67-69, of the divisions 

of the lunar month called karana. 





1. Forms of Time, of invisible shape, stationed in the zodiac 
(bhagana), called the conjunction (¢gighrocca), apsis (mandocca), 
and node (pdia), are causes of the motion of the planets. 

2. The planets, attached to these beings by cords of air, are 
drawn away by them, with the right and left hand, forward or 
backward, according to nearness, toward their own place. 

8. A wind, moreover, called provector (pravaha) impels them 
toward their own apices (ucca); being drawn away forward and 
backward, they proceed by a varying motion. 

4. The so-called apex (ucca), when in the half-orbit in front of 
the eo draws the planet forward; in like manner, when in 
the half-orbit behind the planet, it draws it backward. 

5. When the planets, drawn away by their apices (ucca), move 
forward in their orbits, the amount of the motion so caused is 
called their excess (dhana); when they move backward, it is 
called their deficiency (rna). 


In these verses is laid before us the Hindu theory of the general 
nature of the forces which produce the irregularities of the apparent 
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motions, regarded as being the real motions, of the planets. The world- 
wide difference between the spirit of the Hindu astronomy and that of 
the Greek is not less apparent here than in the manner of presentation 
of the elements in the last chapter: the one is purely scientific, devis- 
ing methods for representing and calculating the observed motions, and 
attempting nothing farther; the other is not content without — 
a fantastic and absurd theory respecting the superhuman powers whic 
occasion the movements with which it is dealing. The Hindu method 
has this convenient peculiarity, that it absolves from all necessity of 
adapting the disturbing forces to one another, and making them form 
one consistent system, capable of geometrical representation and mathe- 
matical demonstration; it regards the planets as actually moving in 
circular orbits, and the whole apparatus of epicycles, given later in 
the chapter, as only a device for estimating the amount of the force, 
and of its resulting motion, exerted at any given point by the disturb- 
ing cause. 

The commentator gives two different explanations of the provector 
wind, spoken of in the third verse: one, that it is the general current, 
mentioned below, in xii. 73, as impelling the whole firmament of stars, 
and which, though itself moving westward, drives the planets, in some 
unexplained way, towards its own apex of motion, in the east; the 
other, that a separate vortex for each planet, called provector on account 
of its analogy with that general current, although not moving in the 
same direction, carries them around in their orbits from west to east, 
leaving only the irregularities of their motion to be produced by the 
disturbing forces. This latter we regard as the proper meaning of the 
text: neither is very consistent with the theory of the lagging behind 
of the planets, given above, in i. 25, 26, as the explanation of their 
apparent eastward motion. The commentary also states more explicitly 
the method of production of the disturbance: a cord of air, equal in 
length to the orbit of each planet less the disk of the latter itself, is 
attached to the extremities of its diameter, and passes through the two 
hands of the being stationed at the point of disturbance; and he always 
draws it toward himself by the shorter of the two parts of the cord. 
The term ucca, which we have translated “apex,” applies both to the 
apsis (manda, mandocca, “apex of slowest. motion”—the apogee in the 
case of the sun and moon, the aphelion, though not recognized as such, 
in the case of the other planets), and to the conjunction (gighra, gigh- 
rocca, “apex of swiftest motion”). The statement made of the like 
effect of the two upon the motion of the planet is liable to cause diffi- 
culty, if it be not distinctly kept in mind that the Hindus understand 
by the influence of the disturbing cause, not its acceleration and retarda- 
tion of the rate of the planet’s motion, but its effect in giving to the 
planet a position in advance of, or behind, its mean place. It may be 
well, for the sake of aiding some of our readers to form a clearer appre- 
hension of the Hindu view of the planetary motions, to expand and 
illustrate a little this statement of the effect upon them of the two 
principal disturbing forces. 

First, as regards the apsis. This is the remoter extremity of the major 
axis of the planet’s proper orbit, and the point of its slowest motion. 
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Upon passing this point, the planet begins to fall behind its mean place, 
but at the same time to gain velocity, so that at the quadrature it is 
farthest behind, but is moving at its mean rate; during the next quad- 
rant it gains both in rate of motion and in place, until at the perigee, or 
perihelion, it is moving most rapidly, and has made up what it before 
lost, so that the mean and true places coincide. Upon passing that point 
again, it gains upon its mean place during the first quadrant, and loses 
what it thus gained during the second, until mean and true place again 
coincide at the apsis. Thus the equation of motion is greatest at the 
apsides, and nothing at the quadratures, while the equation of plane is 
greatest at the quadratures, and nothing at the apsides; and thus the 
planet is always behind its mean place while passing from the higher to 
the lower apsis, and always in advance of it while passing from the 
lower to the higher; that is, it is constantly drawn away from its mean 
place toward the higher apsis, mandocca. 

In treating of the effect of the conjunction, the gighrocca, we have to 
distinguish two kinds of cases. With Mercury and Venus (see above, 
i. 29, 31, 32), the revolution of the conjunction takes the place, in the 
Hindu system as in the Greek, of that of the planet itself, the conjunc- 
tion being regarded as making the circuit of the zodiac in the same 
time, and in the same direction, as the planet really revolves about the 
sun; while the mean place of these planets is always that of the sun 
itself, While, therefore, the conjunction is making the half-tour of the 
heavens eastward from the sun, the planet is making its eastward elon- 
gation and returning to the sun again, being all the time in advance 
of its mean place, the sun; when the conjunction reaches a point in the 
heavens opposite to the sun, the planet is in its inferior conjunction, or 
at its mean place; during the other half of the revolution of the con- 
junction, when it is nearest the planet upon the western side, the latter 
is making and losing its western elongation, or is behind its mean place. 
Accordingly, as stated in the text, the planet is constantly drawn away 
from its mean place, the sun, toward that side of the heavens in which 
the conjunction is. 

Once more, as concerns the superior planets. . The revolutions as- 
signed to these by the Hindus are their true revolutions; their mean 
places are their mean heliocentric longitudes; and the place of the con- 
Junction (¢ighrocca) of each is the mean place of the sun, Since they 
move but slowly, as compared with the sun, it is their conjunction 
which approaches, overtakes, and passes them, and not they the con- 
junction. Their time of slowest motion is when in opposition with the 
sun; of swiftest, when in conjunction with him: from opposition on to 
conjunction, therefore, or while the sun is approaching them from be- 
hind, they are, with constantly increasing velocity of motion, all the 
while behind their mean places, or drawn away from them in the direc- 
tion of the sun; but no sooner has the sun overtaken and passed them, 
than they, leaving with their most rapid motion the point of coinci- 
dence between mean and true place, are at once in advance, and con- 
tinue to be so until opposition is reached again; that is to say, they 
are still drawn away from their mean place in the direction of the 
conjunction, 
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The words used in verse 5 for “ excess” and “ deficiency,” or for addi- 
tive and subtractive equation, mean literally “wealth” (dhana) and 
“debt” (rna). 


6. In like manner, also, the node, Rahu, by its proper force, 
causes the deviation in latitude (vikshepa) of the moon and the 
other planets, northward and southward, from their point of 
declination (apakrama). 

7. When in the half-orbit behind the planet, the node causes 
it to deviate northward; when in the half-orbit in front, it draws 
it away southward. 

8. In the case of Mercury and Venus, however, when the 
node is thus situated with regard to the conjunction (¢ighra), 
these two planets are caused to deviate in latitude, in the manner 
stated, by the attraction exercised by the node upon the con- 
junction. 


The name Rahu, by which the ascending node is here designated, is 
properly mythological, and belongs to the monster in the heavens, which, 
by the ancient Hindus, as by more than one other people, was believed 
to occasion the eclipses of the sun and moon by attempting to devour 
them. The word which we have translated “force” is ranhas, more 
properly “rapidity, violent motion :” in employing it here, the text evi- 
dently intends to suggest an etymology for raéhu, as coming from the root 
rah or ranh,“to rush on”: with this same root Weber (Ind. Stud. i. 
272) has connected the group of words in which réhu seems to belong. 
For the Hindu fable respecting Rahu, see Wilson’s Vishnu Purana, p. 78. 
The moon’s descending node was also personified in a similar way, under 
the name of Ketu, but to this no reference is made in the present treatise. 

The description of the effect of the node upon the movement of the 
planet is to be understood, in a manner analogous with that of the effect 
of the apices in the next preceding passage, as referring to the direction 
in which the planet is made to deviate from the ecliptic, and not to that 
in which it is moving with reference to the ecliptic. From the aseending 
node around to the descending, of course, or while the node is nearest to 
the planet from behind, the latitude is northern; in the other half of the 
revolution it is southern. 

For an explanation of some of the terms used here, see the note to the 
last passage of the preceding chapter. 

As, in the case of Mercury and Venus, the revolution of the conjunc- 
tion takes the place of that of the planet itself in its orbit, it is necessary, 
in order to give the node its proper effect, that it be made to exercise 
its influence upon the planet through the conjunction. The commen- 
tator gives himself here not a little trouble, in the attempt to show why 
Mercury and Venus should in this respect constitute an exception to the 
general rule, but without being able to make out a very plausible case. 


9. Owing to the greatness of its orb, the sun is drawn away 
only a very little; the moon, by reason of the smallness of its 
orb, is drawn away much more; 
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10. Mars and the rest, on account of their small size, are, by 
the supernatural beings (déivata) called conjunction (¢ighrocca) 
and apsis (mandocca), drawn away very far, being caused to 
vacillate exceedingly. 

11. Hence the excess (dhana) and deficiency (rna) of these 
latter is very great, according to their rate of motion. Thus do 
the planets, attracted by those beings, move in the firmament, 
carried on by the wind. 


The dimensions of the sun and moon are stated below, in iv. 1; those 
of the other planets, in vii. 13. 

We have ventured to translate ativegita, at the end of the tenth verse, 
as it is given above, because that translation seemed so much better to 
suit the requirements of the sense than the better-supported rendering 
“caused to move with exceeding velocity.” In so doing, we have assumed 
that the noun vega, of which the word in question is a denominative, re- 
tains something of the proper meaning of the root vij, “to tremble,” 
from which it comes. 


12. The motion of the planets is of eight kinds: retrograde 
(vakra), somewhat retrograde (anuvakra), transverse (kutila), 
slow (manda), very slow (mandatara), even (sama); also, very 
swift (cighratara), and swift (¢ighra). 

13. Of these, the very swift (ati¢ighra), that called swift, the 
slow, the very slow, the even—all these five are forms of the 
motion called direct (rju) ; the somewhat retrograde is retrograde. 


This minute classification of the phases of a planet’s motion is quite 
gratuitous, so far as this Siddhanta is concerned, for the terms here given 
do not once occur afterward in the text, with the single exception of 
vakra, which, with its derivatives, is in not infrequent use to designate 
retrogradation. Nor does the commentary take the trouble to explain 
the precise differences of the kinds of motion specified. Aceording to 
Mr. Hoisington (Oriental Astronomer [Tamil and English], Jaffna: 1848, 
p- 183), anuvakra is applied to the motion of a planet, when, in retro- 
grading, it passes into a preceding sign. From the classification given in 
the second of the two verses it will be noticed that kutila is omitted: ac- 
cording to the commentator, it is meant to be included among the forms 
of retrograde motion; we have conjectured, however, that it might possi- 
bly be used to designate the motion of a planet when, being for the 
moment stationary in respect to longitude, and accordingly neither ad- 
vancing nor retrograding, it is changing its latitude; and we have trans- 
lated the word accordingly. 


14. By reason of this and that rate of motion, from day to 
day, the planets thus come to an accordance with their observed 
places (dr¢)—this, their correction (sphutikarana), I shall care- 
fully explain. 


Having now disposed of matters of general theory and preliminary 
explanation, the proper subject of this chapter, the calculation of the true 
(sphuta) from the mean places of the different planets, is ready to be 
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taken up. And the first thing in order is the table of sines, by means of 
which all the after calculations are performed. 


15. The eighth part of the minutes of a sign is called the first 
sine (jyd@rdha) ; that, increased by the remainder left after sub- 
tracting from it the quotient arising from dividing it by itself, is 
the second sine. 

16. Thus, dividing the tabular sines in succession by the first, 
and adding to them, in each case, what is left after subtracting 
the quotients from the first, the result is twenty-four tabular 
sines (jydrdhapinda), in order, as follows: 

17. Two hundred and twenty-five; four hundred and forty- 
nine; six hundred and seventy-one; eight hundred and ninety ; 
eleven hundred and five; thirteen onlin’ and fifteen ; 

18. Fifteen hundred and twenty; seventeen hundred and nine- 
teen; nineteen hundred and ten; two thousand and ninety-three ; 

19. Two thousand two hundred and sixty-seven; two thous- 
and four hundred and thirty-one; two thousand five hundred 
and eighty-five; two thousand seven hundred and twenty-eight; 

20. Two thousand eight hundred and fifty-nine; two thousand 
nine hundred and seventy-eight; three thousand and eighty- 
four; three thousand one hundred and seventy-seven ; 

21. Three thousand two hundred and fifty-six; three thousand 
three hundred and twenty-one; three thousand three hundred 
and seventy-two; three thousand four hundred and nine; 

22. Three thousand four hundred and thirty-one; three thous- 
and four hundred and thirty-eight. Subtracting these, in re- 
versed order, from the half-diameter, gives the tabular versed- 
sines (utkramajydrdhapindaka) : 

23. Seven; twenty-nine; sixty-six; one hundred and seven- 
teen; one hundred and eighty-two; two hundred and sixty-one; 
three hundred and fifty-four ; 

24. Four hundred and sixty; five hundred and seventy-nine; 
seven hundred and ten; eight hundred and fifty-three; one 
thousand and seven; eleven hundred and seventy-one; 

25. Thirteen hundred and forty-five; fifteen hundred and 
twenty-eight; seventeen hundred and nineteen; nineteen hund- 
red and eighteen ; 

26. Two thousand one hundred and twenty-three; two thous- 
and three hundred and thirty-three; two thousand five hundred 
and forty-eight; two thousand seven hundred and sixty-seven ; 

27. Two thousand nine hundred and eighty-nine; three thous- 
and two hundred and thirteen; three thousand four hundred and 
thirty-eight: these are the versed sines. 


We first present, in the following table, in a form convenient for refer- 
ence and use, the Hindu sines and versed sines, with the arcs to which 
they belong, the latter expressed both in minutes and in degrees and 
minutes. To facilitate the practical use of the table in making calcula- 
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tions after the Hindu method, we have added a column of the differences 
of the sines, and have farther turned the sines themselves into decimal 
parts of the radius. For the purpose of illustrating the accuracy of the 
table, we have also annexed the true values of the sines, in minutes, as 
found by our modern tables. Comparison may also be made of the deci- 
mal column with the corresponding values given in our ordinary tables 
of natural sines. 


Table of Sines and Versed Sines. 








| No. Ares, Hindu Sines, True Sines, _ 
ino / in’ in’ | Diff. jinpartsofrad| in ’ in! 
I 3° 45’ | 225° 225! 224! 065445 224'.84 7 ere: 
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6 | 22° 30'| 1350 13159 | 3557 | -382489 | 1315'.574) 261’ | 
7 | 1¥ 4 2595 1520! 199! 442117 1520'.48 | 354! 
8 | 30° 1800! 1719 , | 500000 1718'.88 | 460! 
9 | 33° 45'| 2025" | i910" rey | 55555 | 1909/.91 579) 
10 | 37° 30'| 2250! 2093! 174! 608784 | 2092'.77 | 710 
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16 Go* Sow 2978! 106! | *866201 2977" 18- ‘ay 
155] a | eet = | oe | te 
19 | 71° 15! | 4275) 3080 79 a 062 3255¢3-~ 2333! 
° , ' 65 nt 3320'.6 2548! 

am re 45! 4a a nf a Pi 2767! 
22 Bs 30! 4950 3409) jot 3408-54 2989/ 
is 86° 15’ | 5175’ | 3431! “|g | 997964 ~343e+39—| 34g 
go” 5400’ | 3438 1.000000 | 3437/.75 | 3438 
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The rule by which the sines are, in the text, directed to be found, may 
be illustrated as follows. Let s, 3’, 8’, s’’’, s’’”’, etc., represent the succes- 
sive sines. The first of the series, s, is assumed to be equal to its arc, or 
225’, from which quantity, as is shown in the table above, it differs only 
by an amount much smaller than the table takes any account of. Then 
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and so on, through the whole series, any fraction larger than a half being 
counted as one, and a smaller fraction being rejected. In the majority of 
cases, as is made evident by the table, this process yields correct results: 
we have marked in the column of “true sines” with a plus or minus sign 
such modern values of the sines as differ by more than half a minute 
from those assigned by the Hindu table. 

It is not to be supposed, however, that the Hindu sines were originally 
obtained by the process described in the text. That process was, in all 
probability, suggested by observing the successive differences in the values 
of the sines as already determined by other methods. Nor is it difficult 
to discover what were those methods; they are indicated by the limita- 
tion of the table to arcs differing from one another by 3° 45’, and by 
what we know in general of the trigonometrical methods of the Hindus. 
The two main principles, by the aid of which the greater portion of all 
the Hindu calculations are made, are, on the one hand, the equality of the 
square of the hypothenuse in a right-angled triangle to the sum of the 
squares of the other two sides, and, on the other hand, the proportional 
relation of the corresponding parts of similar triangles. The first of these 
principles gave the Hindus the sine of the complement of any are of 
which the sine was already known, it being equal to the square root of 
the difference between the squares of radius and of the given sine. This 
led farther to the rule for finding the versed sine, which is given above in 
the text: it was plainly equal to the difference between the sine comple- 
ment and radius. Again, the comparison of similar triangles showed that 
the chord of an arc was a mean proportional between its versed sine and 


, the diameter; and this led to a method of finding the sine of half any 
‘are of which the sine was known: it was equal to half the square root 
of the product of the diameter into the versed sine. That the Hindus 

‘ had deduced this last rule does not directly appear from the text of this 
' Siddhanta, nor from the commentary of Ranganatha, which is the one 


given by our manuscript and by the published edition ; but it is distinctly 
stated in the commentary which Davis had in his hands (As. Res. ii. 247) ; 
and it might be confidently assumed to be known upon the evidence of 
the table itself; for the principles and rules which we have here stated 
would give a table just such as the one here constructed. The sine 
of 90° was obviously equal to radius, and the sine of 30° to half radius: 
from the first could be found the sines of 45°, 22° 30’, and 11° 15’; 
from the latter, those of 15°, 7° 30’, and 3° 45’. The sines thus ob- 
tained would give those of the complementary arcs, or of 86° 15’, 82° 
30’, 78° 45’, 75°, etc.; and the sine of 75°, again,.would give those of 
37° 30’ and 18° 45’. By continuing the same processes, the table of sines 
would soon be made complete for the twenty-four divisions of the quad- 
rant; but these processes could yield nothing farther, unless by intro- 
ducing fractions of minutes; which was undesirable, because the symmetry 
of the table would thus be destroyed, and no corresponding advantage 
gained; the table was already sufficiently extended to furnish, by inter- 
polation, the sines intermediate between those given, with all the accu- 
racy which the Hindu calculations required. 

If, now, an attempt were made to ascertain a law of progression for 
the series, and to devise an empirical rule by which its members might 
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be developed, the one from the other, in order, nothing could be more 
natural than to take the differences of the successive sines, and the differ- 
ences of those differences, as we have given them under the headings A’ 
and A”’ in the annexed table. 


Hindu Sines, with their First and Second Differences. 
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With these differences before him, an acute observer could hardly fail 
to notice the remarkable fact that the differences of the second order in- 
crease as the sines; and that each, in fact, is about the 54th part of the 
corresponding sine. Now let the successive sines be represented by 0, s, 
s’, 8’, 8’, 8", and so on; and let g equal p4s, or $; let the first differ- 
ences be d=s—0, d’=s'—s, d’’=s''—s', d'"=s8'" —s8"', etc. The sec- 
ond differences will be: —sg=d'—d, —s'g=d"—d', —s"q=d'"_d”, 
etc. These last expressions give 

d =d —sq =3s— 89 
d"' =d' —8'g =8s— sq —38'¢ 
d’"'= d!'— 8''"g=8— sq — 8'¢ — 8'"q, ete. 


s’ =s +d’ =s +8- 99 

3!’ =8' +d!’ =8' +8— sq — 8'¢ 

8! 8! _!"'== 3/4. 8 — sq — 8'g— 8!"9, 
and so on, according to the rule given in the text. 

That the second differences in the values of the sines were proportional 
to the sines themselves, was probably known to the Hindus only by ob- 
servation. Had their trigonometry sufficed to demonstrate it, they might 
easily have constructed a much more complete and accurate table of 
sines. We add the demonstration given by Delambre (Histoire de l’As- 
tronomie Ancienne, i. 458), from whom the views here expressed have 
been substantially taken. 

Let a be any arc in the series, and put 3°45’—n. Then sin (a—n), 
sin a, sin (2+), will be three successive terms in the series: sin 
a— sin (a—n), and sin (a+) —sin a, will be differences of the first 
order; and their difference, sin (a + ) + sin (a —n) — 2sina, will 
be a difference of the second order. But this last expression, by virtue 


Hence, also, 
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of the formula & sin (a=) = sina cosm + cosa sin, reduces to 
2sin a cosn— R— 2sina, or 2 SH sina. That is to say, the 


second difference is equal to the product of the sine of the are a into a 
certain constant quantity, or it varies as the sine. When n equals 3° 45’, 
as in the Hindu table, it is easy to show, upon working out the last ex- 
ere by means of the tables, that the constant factor is, as stated by 

elambre, zz}-5, instead of being 54,5, as empirically determined by 
the Hindus. 

It deserves to be noticed, that the commentary of Ranganatha recog- 

nizes the dependence of the rule given in the text upon the value of the 
second differences. According to him, however, it is by describing a 
circle upon the ground, laying off the arcs, drawing the sines, and deter- 
mining their relations by inspection, that the method is obtained. The 
differences of the sines, he says, will be observed to decrease, while the 
‘differences of those differences increase; and it will be noticed that the 
last second difference is 15’ 16’’ 48’, A proportion is then made: if at 
the radius the second difference is of this value, what will it be at any 
sine? or, taking the first sine as an example, 3438’ ; 15’ 16” 48’” : : 225 
:1. Nothing can be clearer, however, than that this pretended result of 
inspection is one of calculation merely. It would be utterly impossible 
to estimate by the eye the value of a difference with such accuracy, and, 
were it possible, that difference would be found very considerably removed 
from the one here given, being actually only about 14’ 45”. The value 
15’ 16’ 48’” is assumed only in order to make its ratio to the radius 
exactly st. 

The earliest substitution of the sines, in calculation, for the chords, 
which were employed by the Greeks, is generally attributed (see Whewell’s 
History of the Inductive Sciences, B. II. ch. iv. 8) to the Arab astgon- 
omer Albategnius (al-Battani), who flourished in the latter part of the 
ninth century of our era. It can hardly admit of question, however, 
that sines had already at that time been long employed by the Hindus. 
And considering the derivation by the Arabs from India of their system 
of notation, and of so many of the elements of their mathematical 
science, it would seem not unlikely that the first hint of this so conveni- 
ent and practical improvement of the methods of calculation may also 
have come to them from that country. This cannot be asserted, however, 
with much confidence, because the substitution of the sines for the chords 
seems so natural and easy, that it may well enough have been hit upon 
independently by the Arabs; it is a matter for astonishment, as remarked 
by Delambre (Histoire de l’Astronomie du Moyen Age, p. 12), that 
Ptolemy himself, who came so near it, should have failed of it. If 
Albategnius got the suggestion from India, he, at any rate, got no more 
than that. His table of sines, much more complete than that of the 
Hindus, was made from Ptolemy’s table of chords, by simply halving them. 
The method, too, which in India remained comparatively barren, led to 
valuable developments in the hands of the Arab mathematicians, who 
went on by degrees to form also tables of tangents and co-tangents, secants 
and co-secants; while the Hindus do not seem to have distinctly appreci- 
ated the significance even of the cosine. 
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In this passage, the sine is called jydrdha, “ half-chord ;” hereafter, 
however, that term does not once occur, but jyé@ “ chord ” (literally “ bow- 
string”) is itself employed, as are also its synonyms jivd, mdurvikd, to 
denote the sine. The usage of Albategnius is the same. The sines of the 
table are called pinda, or jydpinda, “the quantity corresponding to the 
sine.” The term used for versed sine, wtkramajyd, means “ inverse-order 
sine,” the column of versed sines being found by subtracting that of 
sines in inverse order from radius. 

The ratio of the diameter to the circumference involved in the expres- 
sien of the value of radius by 3438’ is, as remarked above (under i. 59, 
60), 1: 3.14136. The commentator asserts that value to come from the 
ratio 1250 : 3927, or 1 : 3.1416, and it is, in fact, the nearest whole num- 
ber to the result given by that ratio. If the ratio were adopted which 
has been stated above (in i. 59), of 1:+/10, the value of radius would be 
only 3415’. It is to be observed with regard to this latter ratio, that it 
could not possibly be the direct result of any actual process adopted for 
ascertaining the value of the diameter from that of the circumference, or 
the contrary. It was probably fixed upon by the Hindus because it 
looked and sounded well, and was at the same time a sufficiently near 
approximation to the truth to be applied in cases where exactness was 
neither attainable by their methods, nor of much practical consequence ; 
as in fixing the dimensions of the earth, and of the planetary orbits. 
The nature of the system of notation of the Hindus, and their constantly 
recurring extraction of square roots in their trigonometrical processes, 
would cause the suggestion to them, much more naturally than to the 
Greeks, of this artificial ratio, as not far from the truth; and their science 
was just of that character to choose for some uses a relation expressed in 
& manner so simple, and of an aspect so systematical, even though known 
to be inaccurate. We do not regard the ratio in question, although so 
generally adopted among the Hindu astronomers, as having any higher 
value and significance than this. 


_28. The sine of greatest declination is thirteen hundred and 
ninety-seven; by this multiply any sine, and divide by radius; 
the arc corresponding to the result is said to be the declination. 


The greatest declination, that is to say, the inclination of the plane of 
the ecliptic, is here stated to be 24°, 1397’ being the sine of that angle. 
The true inclination in the year 300 of our era, which we may assume 
to have been not far from the time when the Hindu astronomy was 
established, was a little less than 23° 40’, so that the error of the Hindu 
determination was then more than 20’: at present, it is 32/34”. The 
value assigned by Ptolemy (Syntaxis, i) to the inclination was between 
28° 50’ and 23° 52/30”; an error, as compared with its true value in 
the time of Hipparchus, of only about 7’. 

The second half of the verse gives, in the usual vague and elliptical 
language of the treatise, the rule for finding the declination of any given 
point in the ecliptic. We have not in this case supplied the ellipses in 
our translation, because it could not be done succinctly, or without 
introducing an element, that of the precession, which possibly was not 
taken into account when the rule was made. See what is said upon this 
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subject under verses 9 and 10 of the next chapter. The “sine” em- 
ployed is, of course, the sine of the distance from the vernal equinox, or 
of the longitude as corrected by the precession. 

The annexed figure will explain the rule, and the method of its 
demonstration. 

Let ACE represent a quadrant of the plane of the equatorial, and 
ACG a quadrant of that of the ecliptic, AC being the line of their 
intersection: then A P is the equinoctial colure, P E the solstitial, G E, 
or the angle GC E, the inclination of the ecliptic, or the greatest decli- 
nation (paramdpakrama, or paramakrénti), and GD its sine (parama- 
krantijyd). Let S be the position of the sun, and draw the circle of 
declination PH; SH, or the angle 
SCH, is the declination of the sun 
at that point, and SF the sine of 
declination (krdntiyydé). From S and 
F draw SB and FB at right angles 
to AC; then SB is the sine of the 
arc AS, or of the sun’s longitude. 

But GCD and SBF are similar 
right-angled triangles, having their 
angles at C and B each equal to the 
inclination. Therefore CG:GD::; | 
GDxXSB 
SB:SF; and SF= Ga? 
sin incl. Xsin long. 
R 

The same result is, by our modern 
methods, obtained directly from the formula in right-angled spherical 
trigonometry: sinc==sina sin C; or, in the triangle ASH, right-angled 
at H, sin SH=sin SA sin SAH. 


29. Subtract the longitude of a planet from that of its apsis 
(mandocca); so also, subtract it from that of its conjunction 
(cighra); the remainder is its anomaly (kendra); from that is 
found the quadrant (pada); from this, the base-sine (bhujajyd), 
and likewise that of the perpendicular (koti). 

80. In an odd (vishama) quadrant, the base-sine is taken from 
the part past, the perpendicular from that to come; but in an 
even (yugma) pena ae the base-sine (béhujyd) is taken from 


Fig. 1. 





that is, sin decl. = 


the part to come, and the perpendicular-sine from that past. 


The distance of a planet from either of its two apices of motion, or 
centres of disturbance, is called its kendra ; according to the comment- 
ary, its distance from the apsis (mandocca) is called mandakendra, and 
that from the conjunction (¢tghrocea) is called cighrakendra: the Sirya- 
Siddhanta, however, nowhere has occasion to employ these terms, The 
former of the two corresponds to what in modern astronomy is called 
the anomaly, the latter to what is known as the commutation. The 
word kendra is not of Sanskrit origin, but is the Greek xé»tgov ; it is a 
circumstance no less significant to meet with a Greek word thus at the 











ii. 30.] Sirya-Siddhdnia. 208 


very foundation of the method of calculating the true place of a planet 
by means of a system of epicycles, than to find one, as noticed above 
(under i. 52), at the base of the theory of planetary regency upon which 
depend the names and succession of the days of the week. Both 
anomaly and commutation, it will be noticed, are, according to this 
treatise, to be reckoned always forward from the planet to its apsis and 
conjunction respectively; excepting that, in the case of Mercury and 
Venus, owing to the exchange with regard to those planets of the place 
of the planet itself with that of its conjunction, the commutation is 
really reckoned the other way. The functions of any arc being the 
same with those of its negative, it makes no difference, of course, 
whether the distance is measured from the planet to the apex (wcca), or 
from the apex to the planet. 

The quantities actually made use of in the calculations which are to 
follow are the sine and cosine of the anomaly, or of the commutation. 
The terms employed in the text require a little explanation. Bhwa 
means “arm ;” it is constantly applied, as are its synonyms béhu and 
dos, to designate the base of a right-angled triangle; koti is properly 
“a recurved extremity,” and, as used to signify the perpendicular in 
such a triangle, is conceived of as being the end of the bhuja, or base, 
bent up to an upright position: bhwajyd and kotijyd, then, are literally 
the values, as sines, of the base and perpendicular of a right-angled 
triangle of which the hypothenuse is made radius: owing to the relation 
to one another of the oblique angles of such a triangle, they are re- 
spectively as sine and cosine. We have not been willing to employ 
these latter terms in translating them, because, as before remarked, the 
Hindus do not seem to have conceived of the cosine, the sine of the 
complement, of an are, as being a function of the arc itself. 

To find the sine and cosine of the planet’s distance from either of its 
apices (weca) is accordingly the 
object of the directions given in 
verse 30 and the latter part of 
the preceding verse. The rule 
itself is only the awkward Hindu 
method of stating the familiar 
truth that the sine and cosine of 
an arc and of its supplement are 
equal. The accompanying figure 
will, it is believed, illustrate the 
Hindu manner of looking at the 
subject. Let P be the place of a 
planet, and divide its orbit into 
the four quadrants PQ, QR, RS, 
and SP; the first and third of 
these are called the odd (vishama) 
quadrants; the second and fourth, 
the even (yugma) quadrants. Let A, B, C, and D, be four positions of 
the apsis (or of the conjunction); then the arcs P A, PQB, PQRC, 
PQRSD will be the values of the anomaly in each case. AM, the 
base-sine, or sine of anomaly, when the apsis is in the first quadrant, is 
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determined by the are A P, the arc passed over in reckoning the anom- 
aly, while AG or EM, the perpendicular-sine, or cosine, is taken from 
the are AQ, the remaining part of the quadrant. The same is true in 
the other odd quadrant, RS; the sine CH, or EL, comes from RC, 
the part of the quadrant between the planet and the apsis; the cosine 
CL is from its complement. But in the even quadrants, QR and SP, 
the case is reversed; the sines, BH, or EF, and DM, are determined by 
the ares BR and DP, the parts of the quadrant not included in the 
anomaly, and the cosines, B F and K D, or EM, correspond to the other 
portions of each quadrant respectively. 

This process, of finding what portion of any arc greater than a quad- 
rant is to be employed in determining its sine, is ordinarily called in 
Hindu calculations “taking the bhuja of. an arc.” 


31. Divide the minutes contained in any are by two hundred 
and twenty-five; the quotient is the number of the preceding 
tabular sine (jydpindaka). Multiply the remainder by the differ- 
ence of the preceding and following tabular sines, and divide 
by two hundred and twenty-five ; 

32. The quotient thus obtained add to the tabular sine called 
the preceding; the result is the required sine. The same method 
is prescribed also with respect to the versed sines. 

33. Subtract from any given sine the next less tabular sine; 
multiply the remainder by two hundred and twenty-five, and 
divide by the difference between the next less and next greater 
tabular sines; add the quotient to the product of the serial num- 
ber of the next less sine into two hundred and twenty-five: the 
result is the required arc. 


The table of sines and versed sines gives only those belonging to arcs 
which are multiples of 3° 45’; the first two verses of this passage state 
the method of finding, by simple interpolation, the sine or versed sine 
of any intermediate arc; while the third verse gives the rule for the 
contrary process, for converting any given sine or versed sine in the 
same manner into the corresponding arc. 

In illustration of the first rule, let us ascertain the sine corresponding 
to an are of 24°, or 1440’. Upon dividing the latter number by 225, 
we obtain the quotient 6, and the remainder 90’, This preliminary step 
is necessary, because the Hindu table is not regarded as containing any 
designation of the arcs to which the sines belong, but as composed 
simply of the sines themselves in their order. The sine corresponding 
to the quotient obtained, or the sixth, is 1315’: the difference Saeman 
it and the next following sine is 205’. Now a proportion is made: if, 
at this point in the quadrant, an addition of 225’ to the arc causes an 
increase in the sine of 205’, what increase will be caused by an addition 
to the arc of 90/: that is to say, 225 : 205 ::90:82. Upon adding the 
result, 82’, to the sixth sine, the amount, 1397’, is the sine of the given 
arc, as stated in verse 28. The actual value, it may be remarked, of 
the sine of 24°, is 1398/.26. . 

The other rule is the reverse of this, and does not require illustration. 
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The extreme conciseness aimed at in the phraseology of the text, and 
not unfrequently carried by it beyond the limit of distinctness, or even 
of intelligibility, is well illustrated by verse 33, which, literally trans- 
lated, reads thus: “having subtracted the sine, the remainder, multi- 
plied by 225, divided by its difference, having added to the product of 
the number and 225, it is called the arc.”’ In verse 31, also, the 
important word “remainder” is not found in the text. 

The proper place for this passage would seem to be immediately after 
the table of sines and versed sines: it is not easy to see why verses 
28-30 should have been inserted between, or indeed, why the subject of 
the inclination of the ecliptic is introduced at all in this part of the 
chapter, as no use is made of it for a long time to come. 


84. The degrees of the sun’s epicycle of the apsis (manda- 
paridhi) are fourteen, of that of the moon, thirty-two, at the end 
of the even quadrants; and at the end of the odd quadrants, 
they are twenty minutes less for both. 

85. At the end of the even quadrants, they are seventy-five, 
thirty, thirty-three, twelve, forty-nine; at the odd (oja) they are 
seventy-two, twenty-eight, thirty-two, eleven, forty-eight, 

86. For Mars and the rest; farther, the degrees of the epi- 
cycle of the conjunction (¢ghra) are, at the end of the even 
Feet two hundred and thirty-five, one hundred and thirty- 
three, seventy, two hundred and sixty-two, thirty-nine; 

87. At the end of the odd quadrants, they are stated to be 


two hundred and thirty-two, one hundred and thirty-two, 
seventy-two, two hundred and sixty, and forty, as made use of 
in the calculation for the conjunction (géghrakarman). 

38. Multiply the base-sine (bhujajyd) by the difference of the 
epicycles at the odd and even quadrants, and divide by radius 


yd); the result, applied to the even epicycle (uri) and 


(tra 
additive (dhana) or subtractive (rna), according as this is 
greater than the odd, gives the corrected (sphuta) epicycle. 


ess or 


The corrections of the mean longitudes of the planets. for the dis- 
turbing effect of the apsis (mandocca) and conjunction (gighrocca) of 
each—that is to say, for the effect of the ellipticity of their orbits, and 
for that of the annual parallax, or of the motion of the earth in its 
orbit—are made in Hindu astronomy by the Ptolemaic method of epi- 
cycles, or secondary circles, upon the circumference of which the planet 
is regarded as moving, while the centre of the epicycle revolves about 
the — centre of motion. The details of the method, as applied by 
the Hindus, will be made clear by the figures and processes to be pre- 
sented a little later; in this passage we have only the dimensions of the 
epicycles assumed for each planet. For convenience of calculation, they 
are measured in degrees of the orbits of the planets to which they 
severally belong; hence only their relative dimensions, as compared 
with the orbits, are given us. The data of the text belong to the planets 
in the order in which these succeed one another as regents of the days 
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of the week, viz. Mars, Mercury, Jupiter, Venus, and Saturn (see 
above, under i. 51, 52). The annexed table gives the dimensions of 
the epicycles, both their circumferences, which are presented directly 
by the text, and their radii, which we have calculated after the method 
of this Siddhanta, assuming the radius of the orbit to be 3438’. 


Dimensions of the Epicycles of the Planets. 





Epicycle of the apsis : Epicycle of the conjunction : 
Planet. j|at even quadrant,| at odd quadrant, at even quadrant, at odd quadrant, 
circ. rad. cire, rad. circ. | rad, circ. 


Sun, 14° | 133.70 | 13° Go! | 130.52 
Moon, 32° | 305'.60 | 31° fo!’ | 302/.42 | .... sbetee 
Mercury, | 30° | 286’.50 | 28° 267'.40 | 133° . 132° 
Venus, 12° | 114'.60 | 11° 105'.05 | 262° ‘ 260° 
Mars, 75° | 716/.25 | 72° 687'.60 | 235° | 2244.25 | 232° 
Jupiter, | 33° | 315’.15 | 32° 305'.60 70° | 668'50}] 72° 
Saturn, | 49° | 467'.95 | 48° 458'.40 | 39° | 372'.45 |} 40° 






































A remarkable peculiarity of the Hindu system is that the epicycles 
are supposed to contract their dimensions as they leave the apsis or the 
conjunction respectively (excepting in the case of the epicycles of the 
conjunction of Jupiter and Saturn, which expand instead of contracting), 
becoming smallest at the quadrature, then again expanding till the lower 
apsis, or opposition, is reached, and decreasing and increasing in like 
manner in the other half of the or'vit; the rate of increase and diminu- 
tion being as the sine of the distance from the apsis, or conjunction. 
Hence the rule in verse 38, for finding the true dimensions of the epi- 
cycle at any point in the orbit. It is founded upon the simple propor- 
tion: as radius, the sine of the distance at which the diminution (or 
increase) is greatest, is to the amount of diminution (or of increase) at 
that point, so is the sine of the given distance to the correspondin 
diminution (or increase) ; the application of the correction thus obtained 
to the dimensions of the epicycle at the apsis, or conjunction, gives the 
true epicycle. 

We shall revert farther on to the subject of this change in the dimen- 
sions of the epicycle. 

The term employed to denote the epicycle, paridht, means simply 
“ circumference,” or “circle ;” it is the same which is used elsewhere in 
this treatise for the circumference of the earth, etc. In a single insfance, 
in verse 38, we have vrtta instead of paridhi ; its signification is the 
same, and its other uses are closely analogous to those of the more 
usual term. 


89. By the corrected epicycle multiply the base-sine (bhujajyd) 
and perpendicular-sine (kotyyd) respectively, and divide by the 
number of degrees in acircle: then, the arc corresponding to 
the result from the base-sine (bhwajydphala) is the equation of 
the apsis (manda phala), in minutes, etc. 


All the preliminary operations having been already performed, this is 
the final process by which is ascertained the equation of the apsis, or 
the amount by which a planet is, at any point in its revolution, drawn 
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away from its mean place by the disturbing influence of the apsis. In 
modern rapa it is called the first inequality, due to the ellipticity 
of the orbit; or, the equation of the centre. 

Figure 3, upon the next page, will serve to illustrate the method of 
the process. 

Let AMM’P represent a part of the orbit of any planet, which is 
supposed to be a true circle, having E, the earth, for its centre. Along 
this orbit the planet would move, in the direction indicated by the 
arrow, from A through M and M’ to P, and so on, with an equable 
motion, were it not for the attraction of the beings situated at the apsis 
(mandocca) and conjunction (¢ighrocea) respectively. The general mode 
of action of these beings has been explained above, under verses 1-5 
of this chapter: we have now to ascertain the amount of the disturb- 
ance produced by them at any given point in the planet’s revolution. 
The method devised is that of an epicycle, upon the circumference of 
which the planet revolves with an equable motion, while the centre of the 
epicycle traverses the orbit with a velocity equal to that of the planet’s 
mean motion, having always a position coincident with the mean place 
of the planet. At present, we have to do only with the epicycle which 
represents the disturbing effect of the apsis (mandocca). The period of 
the planet’s revolution about the centre of the epicycle is the time 
which it takes the latter to make the circuit of the orbit from the apsis 
around to the apsis again, or the period of its anomalistic revolution. 
This is almost precisely equal to the period of sidereal revolution in the 
case of all the planets excepting the moon, since their apsides are re- 
garded by the Hindus as stationary (see above, under i. 41-44): the 
moon’s apsis, however, has a forward motion of more than 40° in a 
year; hence the moon’s anomalistic revolution is very ‘eqn ten | 
longer than its sidereal, being 274134 18m, The arc of the epicycle 
traversed by the planet at any mean point in its revolution is accord- 
ingly always equal to the arc of the orbit intercepted between that 
point and the apsis, or to the mean anomaly, when the latter is reckoned, 
in the usual manner, from the apsis forward to the planet. Thus, in the 
figure, suppose A to be the place of the apsis (mandocca, the apogee of 
the sun and moon, the aphelion of the other planets), and P that of the 
opposite point (perigee, or perihelion; it has in this treatise no distinct- 
ive ea and let M and M’ be two mean positions of the planet, or 
actual positions of the centre of the epicycle; the lesser circles drawn 
about these four points represent the epicycle: this is made, in the figure, 
of twice the size of that assumed for the moon, or a little smaller than 
that of Mars. Then, when the centre of the epicycle is at A, the 
planet’s place in the epicycle is at a; as the centre advances to M, M’, 
and P, the planet moves in the opposite direction, to m, m’, and p, the 
arc a’/m being equal to A M, a” m! to AM’, anda” ptoAP. It is as if, 
while the axis Ea revolves about E, the part of it Aa remained con- 
stant in direction, parallel to EA, assuming the positions M m, M’m’, 
and Pp successively. The effect of this combination of motions is to 
make the planet virtually traverse the orbit indicated in the figure by 
the broken line, which is a circle of equal radius with the true orbit, 
but having its centre removed from E, toward A, by a distance equal to 
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Fig. 3. 


Aa, the radius of the epicycle. This identity of the virtual orbit with 
an eccentric circle, of which the eccentricity is equal to the radius of 
the epicycle, was doubtless known to the Hindus, as to Ptolemy: the 
latter, in the third book of his Syntaxis, demonstrates the equivalence of 
the suppositions of an epicycle and an eccentric, and chooses the latter 
to represent the first inequality: the Hindus have preferred the other 
supposition, as better suited to their methods of calculation, and as ad- 
mitting a general similarity in the processes for the apsis and the con- 
junction. The Hindu theory, however, as remarked above (under vv. 
1-5 of this chapter), rejects the idea of the actual motion of the planet 
in the epicycle, or on the eccentric circle: the method is but a device 
for ascertaining the effect of the attractive force of the being at the 
apsis. Thus the planet really moves in the circle A M M’P, and if the 
lines Em, Em/ be drawn, meeting the orbit in o and 0’, its actual place 
is at o and o’, when its mean place is at M and M’ respectively. To 
ascertain the value of the arcs o M and o’ M’, which are the amount of 
removal from the mean place, or the equation, is the object of the pro- 
cess prescribed by the text. 

Suppose the planet’s mean place to be M, its mean distance from the 
apsis being A M: it has traversed, as above explained, an equal are, a’m, 
in the epicycle. From M draw MB and MF, and from m draw ma, 
at right angles to the lines upon which they respectively fall: then MB 
is the base-sine (bhujajyd), or the sine of mean anomaly, and MF, or its 
equal EB, is the perpendicular-sine (kotijyd), or cosine, and mn and 
nM are corresponding sine and cosine in the epicycle. But as the rela- 
tion of the circumference of the orbit to that of the epicycle is known, 
and as all corresponding parts of two circles are to one another as their 
respective circumferences, the values of mm and nM are found by a 
proportion, as follows: as 360° is to the number of degrees in the cir- 
cumference of the epicycle at M,so is MB to mn, and EB to nM. 
Hence mn is called the “result from the base-sine” (bhujajydphala, or, 
more briefly, bhujaphala, or bahuphala), and nM the “result from the 

erpendicular-sine” (kotijydphala, or kotiphala): the latter of the two, 
owever, is not employed in the process for calculating the equation of 
the apsis. Now, as the dimensions of the epicyele of the apsis are in 
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all cases small, mn may without any considerable error be assumed to 
be equal to 0g, which is the sine of the arc oM, the equation: this 
assumption is accordingly made, and the conversion of mn, as sine, into 
its corresponding arc, gives the equation required. 

The same explanation applies to the position of the planet at M’: a” 
m', the equivalent-of A M M’, is here the arc of the epicycle traversed ; 
mn’, its sine, is calculated from M’B’, as before, and is assumed to 
equal oq’, the sine of the equation o’ M’. 

To give a farther and practical illustration of the process, we will 
proceed to calculate the — of the apsis for the moon, at the time 
for which her mean place has been found in the notes to the last chap- 
ter, viz., the 1st of January, 1860, midnight, at Washington. 


Moon’s mean longitude, midnight, at Ujjayini (i. 53), 118 15° a3! 24// 
add the equation for difference of meridian (degdntaraphala), 5 
or for her motion between midnight at Ujj.and Wash. (i. 60, 61), i 3 37 


Moon’s mean longitude at required time, 11 20 59 1 


Longitude of moon’s apsis, midnight, at Ujjayini (i. 53), 10 9 42 26 
add for difference of meridian, as above, 2 50 


Longitude of moon’s apsis at required time, 10 g 45 16 
deduct moon’s mean longitude (ii. 29), 11 20 59 1 


Moon’s mean anomaly (mandakendra), 10 18 46 15 


The anomaly being reckoned forward on the orbit from the planet, 
the position thus found for the moon relative to the apsis is, nearly 
enough for purposes of illustration, represented by M in the figure. By 
the rule given above, in verse 30, the base-sine (bhujajyd)—since the 
anomaly is in the fourth, an even, quadrant—is to be taken from the 
part of the quadrant not included in the anomaly, or AM; the per- 
pendicular-sine (kotijyé) is that corresponding to its complement, or 
MD. That is to say: 


From the anomaly, ro8 18° 46’ 15”’ 
deduct three quadrants, 9 
remains the arc M D, 1 18 46 15 
take this from a quadrant, 3 


remains the arc A M, 2-2 13 


And by the method already illustrated under verses 31, 32, the sine 
corresponding to the latter arc, which is the base-sine (bhujajyd), or the 
sine of mean anomaly, M B, is found to be 2266’; that from M D, which 
is MF, or EB, the perpendicular-sine @otijy4), or cosine of mean 
anomaly, is 2585’. 

The next point is to find the true size of the epicycle at M. By 
verse 34, the contraction of its circumference amounts at D to 20’; 
hence, according to the rule in verse 38, we make the proportion, sin 
AD: 20'::sin AM: diminution at M; or, 

3438 : 20:: 2266: 13 
Deducting from 32°, the circumference of the epicycle at A, the amount 
of diminution thus ascertained, we have 31° 47’ as its dimensions at M. 
VOL. VI. 27 
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Once more, by verse 39, we make the proportion, circ. of orbit : circ. 

of epicycle:: MB: mn; or, 
360° : 31° 47’ :: 2266: 200 

The value, then, of mn, the result from the base-sine (bhujajydphala), 
is 200’; which, as mn is assumed to equal og, is the sine of the equa- 
tion. Being less than 225’, its arc (see the table of ‘sines, above) is of 
the same value: 8° 20/, accordingly, is the moon’s equation of the apsis 
a phala) at the given time: the figure shows it to be subtractive 
rna), as the rule in verse 45 also declares it. Hence, from the 


Moon’s mean longitude, I1® 20° 59! 
deduct the equation, 3 20 
Moon’s true longitude, ; II 17 39 


We present below, in a briefer form, the results of a similar calcula- 
tion made for the sun, at the same time. 








Sun’s mean longitude, midnight, at Ujjayini (i. 53), 8* 17° 48! 9!” 
add for difference of meridian (i. 60, 61), 25 6 
Sun’s mean longitude at required time, 8 18 13 13 
Longitude of sun’s apsis (i. 41), 217 17 24 
Sun’s mean anomaly (ii. 29), 5 29 411 
subtract from two quadrants (ii. 30), 6 
Arc determining base-sine, 55! 4g! 
Base-sine (bhujajyd), 56’ 
Dimensions of epicycle (ii. 38), 14° 
Result from base-sine (bhujajydphala), or sine of equation (ii. 39), a! 
Equation (mdnda phala, ii. 45), +2/ 
Sun’s true longitude, 88 18° 15’ 


| In making these calculations, we have neglected the seconds, rejecting 
the fraction of a minute, or counting it as a minute, dccording as it was 
less or greater than a half. For, considering that this method is followed 
in the table of sines, which lies at the foundation of the whole process, 
and considering that the sine of the arc in the epicycle is assumed to be 
ij equal to that of the equation, it would evidently be a waste of labor, and 
Bf | an affectation of an exactness greater than the process contemplates, or 
| than its general method renders practicable, to carry into seconds the data 
7 employed. 
i As stated below, in verse 43, the equation thus found is the only one 
required in determining the tgue longitude of the sun and of the moon: 
in the case of the other planets, however, of which the apparent place is 
affected by the motion of the earth, a much longer and more complicated 
process is necessary, of which the explanation commences with the next 
following passage. 

The Ptolemaic method of making the calculation of the equation of 
the centre for the sun and moon is illustrated by the annexed figure 
(Fig. 4). The points E, A, M, a, m, and o, correspond with those simi- 
larly marked in the last figure (Fig. 3). The centre of the eccentric 
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circle is at ¢, and Ee, which equals A a, is the eccentricity, which is given. 
Join em ; the angle mea equals MEA, the mean anomaly, and Eme 
equals M Eo, the equation. Extend ’ 
me to d, where it meets Ed, a per- Fig. 4. 
pendicular let fall upon it from E. 
Then, in the right-angled triangle 
Eed, the side Ee sad the saglth 
—since Eed equals mea—are 
given, to find the other sides, ed 
and dE. Add ed to em, the ra- 
dius; add the square of the sum 

.to that of Ed; the square root 
of their sum is Em: then, in the 
right-angled triangle mEd, all 
the sides and the right angle are 
given, to find the angle Eme, the 
equation. 

This process is equivalent to a transfer of the epicycle from M to E; 
Ed becomes the result from the base-sine (hhujajydphala), and de that 
from the perpendicular-sine (kotijyaphala), and the angle of the equation 
is found in the same manner as its sine, ¢¢, is found in the Hindu process 
next to be explained; while, in that which we have been considering, Ed 
is assumed to be equal to ec. 

Ptolemy also adds to the moon’s orbit an epicycle, to account for her 
second inequality, the evection, the discovery of which does him so much 
honor. Of this inequality the Hindus take no notice. 





40. The result from the perpendicular-sine (kotiphala) of the 
distance from the conjunction is to be added to radius, when the 
distance (kendra) is in the half-orbit beginning with Capricorn; 
but when in that beginning with Cancer, the result from the 
perpendicular-sine is to be subtracted. 

41. To the square of this sum or difference add the square of 
the result from the base-sine (b@huphala); the square root of 
their sum is the hypothenuse (karna) called variable (cala). 
Multiply the result from the base-sine by radius, and divide by 
the variable hypothenuse : 

42. The arc corresponding to the quotient is, in minutes, etc., 
the equation of the conjunction (cdighrya phala); it is employed 
‘n the first and in the fourth process of correction (karman) for 
Mars and the other planets. 


The process prescribed by this passage is essentially the same with that 
explained and illustrated under the preceding verse, the only difference 
being that here the sine of the required equation, instead of being 
assumed equal to that of the arc traversed by the planet in the epicycle, 
is obtained by calculation from it. The annexed figure (Fig. 5) will ex- 
hibit the method pursued. 

The larger circle, C MM’ O, represents, as before, the orbit in which 
any one of the planets, as also the being at its conjunction (gtghrocca) are 
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Fig. 5. 


making the circuit of the heavens about E, the earth, as a centre, in the 
direction indicated by the arrow, from C through M and M’ to O, and so 
on. But since, in every case, the conjunction moves more rapidly east- 
ward than the planet, overtaking and passing it, if we suppose the con- 
junction stationary at C, the virtual motion of the planet relative to that 
point is backward, or from O through M’ and M to C, its mean rate of 
approach toward C being the difference between the mean motion of the 
planet and that of the sun. As before, the amount to which the planet 
-is drawn away from its mean place toward the conjunction is calculated 
by means of an epicycle. The circles drawn in the figure to represent 
the epicycle are of the relative dimensions of that assigned to Mercury, 
or a little more than half that of Mars. The direction of the planet’s 
motion in the epicycle is the reverse of that in the epicycle of the apsis, 
as regards the actual motion of the planet in its orbit, being eastward at 
the conjunction ; as regards the motion of the planet relative to the con- 
junction, it is the same as in the former case, being in the contrary direc- 
tion at the conjunction: its effect, of course, is to increase the rate of the 
eastward movement at that point. -The time of the planet’s revolution 
about the centre of the epicycle is the interval between two successive 
passages through the point C, the conjunction: that is to say, it is equal 
to the period of synodical revolution of each planet. These periods are, 
according to the elements presented in the text of this Siddhdnta, as 
follows : 
Mercury, rr5d oyh 42m 
Venus, 633°. on: DY 
Mars, 779 #22 #&II 
Jupiter, 398 21 20 
Saturn, 378 2 4 


The are of the epicycle traversed by the planet, at any point in its revo- 
ition, is equal to its distance from the conjunction, when reckoned for- 
“d from the planet, according to the method prescribed in verse 29. 
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Suppose, now, the mean place of the planet, relative to its conjunction 
(cighrocea) at C, to be at M: its place in the epicycle is at m, as far from 
c’”’, in either direction, as M from C. The are of the epicycle already 
traversed is indicated in this figure, as in Fig. 3, by the heavier line. 
Draw Em, cutting the orbit in o ; then o is the planet’s true place, and 
oM is the equation, or the amount of removal from the mean place by 
the attraction of the being at C. 

The sine and cosine of the distance from the conjunction, the dimen- 
sions of the epicycle, and the value of the correspondents in the epicycle 
to the sine and cosine, are found as in the preceding process. Add nM, 
the result from the cosine (kotijydphala), to ME, the radius: the result 
is the perpendicular, En, of the triangle Enm. To the square of En 
add that of the base nm, the result from the sine (bhujajydphala); the 
square root of the sum is the line Em, the hypothenuse: it is termed the 
variable hypothenuse (cala karna) from its constantly changing its 
length. We have now the two similar triangles Emn and Eog, a 
comparison of the corresponding parts of which gives us the proportion 
Em:mn::Eo:0g; that is to say, 0g, which is the sine of the equation 
oM, equals the product of Eo, the radius, into mn, the result from the 
base-sine, divided by the variable hypothenuse, Em. 

When the planet’s mean place is in the quadrant DO, as at M’, the 
result from the perpendicular-sine (kotijyaphala), or M’n’, is subtracted 
from radius, and the remainder, En’, is employed as before to find the 
value of Em’, the variable hypothenuse: and the comparison of the 
similar triangles Em’n’ and Eo’g’ gives o’g’, the sine of the equation, 
o’M’. 

It is obvious that when the mean distance of a planet from its conjunc- 
tion is less than a quadrant in either direction, as at M, the base En is 
greater than radius; when that distance is more than a quadrant, as at 
M’, the base En’ is Jess than radius: the cosine is to be added to radius 
in the one case, and subtracted from it in the other. This is the mean- 
ing of the rule in verse 40: compare the notes to i. 58 and ii. 30. 

In illustration of the process, we will calculate the equation of the 
conjunction of Mercury for the given time, or for midnight preceding 
January Ist, 1860, at Washington. 

Since the Hindu system, like the Greek, interchanges in the case of the 
two inferior planets the motion and place of the planet itself and of the 
sun, giving to the former as its mean motion that which is the mean 
apparent motion of the sun, and assigning to the conjunction (¢tghrocea) 
a revolution which is actually that of the planet in its orbit, the mean 
position of Mercury at the given time is that found above (under v. 39) 
to be that of the sun at the same time, while to find that of its conjunc- 
tion we have to add the equation for difference of meridian (degdntara- 
phala, i. 60, 61), to the longitude given under i. 53 as that of the planet. 


Longitude of Mercury’s conjunction (gighrocca), midnight, at Ujjayini, 4° 15° 13’ 8’ 
add for difference of meridian, 1 44 14 


Longitude of conjunction at required time, 16 57 22 
Mean longitude of Mercury, 18 13 13 


Mean commutation (¢ighrakendra,), 28 44 9 
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The position of Mercury with reference to the conjunction is accord- 
ingly very nearly that of M’, in Fig. 5. The are which determines the 
base-sine (bhujajyd), or OM’, is 58° 44’, while M’D, its complement, 
from which the perpendicular-sine (kotijyd) is taken, is 31°16’. The 
corresponding sines, M’ B’ and M’ G, are 2938’ and 1784’ respectively. 

The epicycle of Mercury is one degree less at D than at O. Hence 
the proportion 

3438 : 60 :: 2938 : 51 
gives 51’ as the diminution at M’: the circumference of the epicyle at M, 
then, is 132° 9’, The two proportions 
360° : 132° 9’ :: 2938: 1078, and 360°: 132° 9’:: 1784: 655, 

give us the value of m’n’ as 1078’, and that of n’M’ as 655’. The 
commutation being more than three and less than nine signs, or in the 
half-orbit beginning with Cancer, the fourth sign, n’M’is to be sub- 
tracted from EM’, or radius, 3438’; the remainder, 2783’, is the perpen- 
dicular En’. 


To the square of En’, 7,745,089 
add the square of n’m’, 1,162,084 


of their sum, 8,907,173 


the square root, 2984 


is the variable hypothenuse (cala karna), Em’. The comparison of the 
triangles Em’ n’ and Eo’g’ gives the proportion Em’: m’n’::Eo!: o'g’, or 
2984 : 1078 :: 3438 : 1242 

The value of o/ q’, the sine of the equation, is accordingly 1242’: the cor- 
responding arc, o/ M, is found by the process prescribed in verse 33 to be 
21°12’. The figure shows the equation to be subtractive. 

The annexed table presents the results of the calculation of the equa- 
tion of the conjunction (¢ighrakarman) for the five planets. 


Results of the First Process for finding the True Places of the Planets. 





‘ Va i- 
Planet. Mean Longitude of Mean Base-| Corr. — a able oe Cosh] 


Longitude. | Conjunction. |Commutation.| sine. |Epicycle. B.-sine.|P.-sine. Hyp. 





> © © wo .& €¢ 21 © . @ ° as 


Mercury,8 18 13 13} 4 16 57 22) 7 28 44 9)2938) 132 d 1078| 655 |2984)-a1 12 
Venus, {8 18 13 13|10 21 49 47| 2 3 36 34/3080 260 13, 2226| 1104 |5058/426 7 
Mars, 5 24 30 57} 8 18 13 13) 2 23 42 16)3416) 232 r| 2202| 225 |4274/4+31 1 
Jupiter, |2 26 214) 8 18 13 13) 5 22 10 59) 468) 70 16 gt} 665 2774/4 1 53 
Saturn, 32012 3) 818 13 13) 4 28 1 10|1820) 39 32! 200! 320 3124|+ 3 4o 



































This is, however, only a first step in the whole operation for finding 
the true longitudes of these five planets, as is laid down in the next 


passage. 


43. The process of correction for the apsis (ménda karman) is 
the only one required for the sun and moon: for Mars and the 
other ere are prescribed that for the conjunction (gdighrya), 
that for the apsis (ménda), again that for the apsis, aaa that for 
the conjunction—four, in succession. 





ii. 45.] Sarya-Siddhanta. 215 


44. To the mean place of the planet apply half the equation 
of the conjunction (¢ghraphala), likewise half the equation of the 
apsis; to the mean place of the planet apply the whole equation 
of the apsis (mandaphala), and also that of the conjunction. 

45. In the case of all the planets, and both in the process of 
correction for the conjunction and in that for the apsis, the equa- 
tion is additive (dhana) when the distance (kendra) is in the half- 
orbit beginning with Aries; subtractive (rza), when in the half- 
orbit beginning with Libra. 


The rule contained in the last verse is a general one, applying to all 
the processes of calculation of the equations of place, and has already 
been anticipated by us above. Its meaning is, that when the anomaly, 
(mandakendra), or commutation (¢ighrakendra), reckoned always forward 
from the planet to the apsis or conjunction, is less than six signs, the 
equation of place is additive; when the former is more than six signs, 
the equation is subtractive. The reason is made clear by the figures given 
above, and by the explanations under verses 1—5 of this chapter. 

It should have been mentioned above, under verse 29, where the word 
kendra was first introduced, that, as employed in this sense by the Hin- 
dus, it properly signifies the position (see note to i. 53) of the “centre” 
of the epicycle—which coincides with the mean place of the planet itself 
—telative to the apsis or conjunction respectively. In the text of the 
Strya-Siddhanta it is used only with this signification: the commentary 
employs it also to designate the centre of any circle. 

Since the sun and moon have but a single inequality, according to the 
Hindu system, the calculation of their true places is simple and easy. 
With the other planets the case is different, on account of the existence 
of two causes of disturbance in their orbits, and the consequent necessity 
both of applying two equations, and also of aliowing for the effect of each 
cause in determining the equation due to the other. For, to the appre- 
hension of the Hindu astronomer, it would not be proper to calculate the 
two equations from the mean place of the planet; nor, again, to calculate 
either of the two from the mean place, and, having applied it, to take 
the new position thus found as a basis from which to calculate the other ; 
since the planet is virtually drawn away from its mean place by the 
divinity at either apex (ucca) before it is submitted to the action of the 
other. The method adopted in this Siddhdnta of balancing the two 
influences, and arriving at their joint effect upon the planet, is stated in 
verses 43 and 44. The phraseology of the text is not entirely explicit, 
and would bear, if taken alone, a different interpretation from that which 
the commentary puts upon it, and which the rules to be given later show 
to be its true meaning; tnia is as follows: first calculate from the mean 
place of the planet the equation of the conjunction, and apply the half 
of it to the mean place; from the position thus obtained calculate the 
equation of the apsis, and apply half of it to the longitude as already 
once equated; from this result find once more the equation of the apsis, 
and apply it to the original mean place of the planet; and finally, calcu- 
late from, and apply to, this last place the vhids equation of the con- 
junction. 











Equated .j lala Result | Result Variable! : 

Planet. | pagitude | Commute | Sine” lEpicyele | sO | fom |ttypoth: | of Coup. | Longitade. 

s ° ' s ° ’ UJ oO Uy ’ ‘ ' ° ’ 5s o ’ 

Mercury, 8 16 11/8 0 46|3000;132 8} 1101 | 616 | 3029 | -21 20] 7 24 51 
Venus, {8 18 36/2 3 14 |3069\ 260 13) 2218/1118 | 5067 | +25 59] 9 14 35 
Mars, (515 1/3 3 12/3432)232 0| 2212| 124 | 3984 | +33 44| 6 18 45 
Jupiter, |}3 1 6/517 7| 766) 70 27} 150) 656 | 2786/43 5|3 411 
‘Saturn, |3 26 45/4 21 28|2141| 39 37| 236) 296 | 3151 |4+417|4 1 2 
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We have calculated by this method the true places of the five planets, 
and present the results of the processes in the following tables. Those 
of the first process have been already given under the preceding pas- 
sage: the application of half the equations there found to the mean 
longitude gives us the longitude once equated as a basis for the next 
process. 


Results of the Second Process for finding the True Places of the Planets. 


Equated Longitude Equated | Base- |Corrected} Equation 
Planet. Lougitude. of Apsis. Anomaly. | sine. |Epicycle.| of Apsis. 








se Uy s ° ’ ” a ° ’ U ° Uy e ’ 
Mercury, 8 7 37/7 10 28 20/11 2 51! 1568 | 29 5|/-2 7 
Venus, 9 117/219 52 17| 5 18 35) 681 | 11 48 | + 0 22 
Mars, 610 1|/410 2 40/10 © 2] 2977] 72 24|-10 2 


Jupiter, 2 26 59 |5 21 22 19] 2 24 23) 3420} 32 0 | +5 5 
Saturn, 3 22 1}|7 26 37 34) 4 4 37| 2829 | 48 11 | + 6 20 





























Again, the application of half these equations to the longitudes as 
once equated furnishes the data for the third process. The longitudes of 
the apsides, being the same as in the second operation, are not repeated 
in this table. 


Results of the Third Process for finding the True Places of the Planets. 


uated uated Base- | Corrected | Equation 
Planet. | Lnigiteds. pm sine. | Epicycle. , of Apsis. 








8 ° , s ° ’ ’ | e ’ e ’ 
Mercury, 8 6 34) 1 3 54] 1512 | 29 7] -2 2 
Venus, 9 1 28] 5 18 24} 691 | tr 48/| +0 23 
Mars, 6 5 o|10 5° 3] 2614 |'72 33'| -9 3 











Jupiter, 2 29 30) 2 21 52] 3403 | 32 1/45 4 
Saturn, | 3 25 1 | 4 1 27] 2932 | 48 9| +6 33 








The original mean longitudes are now corrected by the results of the 
third process, to obtain a position from which shall be once more calcu- 
lated the equation of the conjunction; and the application of this to the 
position which furnished it yields, as a final result, the true place of each 
planet. 


Results of the Fourth Process for jinding the True Places of the Planets. 









































We cannot furnish a comparison of the Hindu determinations of the | 
true places of the planets with their actual positions as ascertained b 
our modern methods, until after the subject of the latitude has been dealt 
with: see below, under verses 56-58. 
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The Hindu method of finding the true longitudes of the five planets 
whose apparent position is affected by the parallax of the earth’s motion 
having thus been fully explained, we will proceed to indicate, as suc- 
cinctly as possible, the way in which the same problem is solved by the 
great Greek astronomer. The annexed figure (Fig. 6) will illustrate his 
method: it is taken from those presented in the Syntaxis, but with such 
modifications of form as to make it correspond with the figures previ- 
ously given here: the conditions which it represents are only hypothet- 
ical, not according with the actual elements of any of the planetary 
orbits. 

Let E be the earth’s place, and let the circle ApC, described about 
Eas a centre, represent the mean orbit of any planet, EA being the 
direction of its line of apsides, and EC that of its conjunction (¢ighra), 

Fig. 6. called by Ptolemy the 

apogee of its epicycle, 

Let EX be the double 
eccentricity, or the 
equivalent to the ra- 
dius of the Hindu 
epicycle of the apsis}; 
and let EX be bi- 
sected in Q. Then, 
as regards the influ- 
ence of the eccen+ 
tricity of the orbit 
upon the place of the 
planet, the centre of 
equable angular mo- 
tion is at X, but the centre of equal distance is at Q: the planet virtu- 
ally describes the circle A’ P, of which Q is the centre, but at the same 
rate as if it were moving equably upon the dotted circle, of which the 
centre is at X. The angle of mean anomaly, accordingly, which in- 
creases proportionally to the time, is zX A”, but P is the planet's place, 
PEA the true anomaly, and EP X the equation of place. The value 
of EP X is obtained by a process analogous to that described above, 
under verse 39 (pp. 210, 211); EB and BX, and QD and DX, are 
first found; then DP, which, by subtracting DX, gives XP; XP 
added te BX gives BP; and from BP and BE is derived EP B, the 
equation required; subtract this from PX A, and the remainder is 
REA, the planet’s true distance from the apsis. About P-describe 
the epicycle of the conjunction, and draw the radius PT parallel 
to EC: then T is the planet’s place in the epicycle, p its apparent 
position in the mean orbit, and TE P the equation of the epicycle, or 
of the conjunction. In order to arrive at the value of this equation, 
Ptolemy first finds that of S ER, the corresponding angle when the 
centre of the epicycle is placed at R, at the mean distance ER, or 
radius, from E: he then diminishes it by a complicated process, into 
the details of which it is not necessary here to enter, and which, as 
he himself acknowledges, is not strictly accurate, but yields results sufii- 
ciently near to the truth. The application of the equation thus obtained 


VOL. VI. 28 



































































218 E. Burgess, etc., fii. 45, 


to the place of the planet as already once equated gives the final result 
sought for, its geocentric place. 

In the case of Mercury, Ptolemy introduces the additional supposition 
that the centre of equal distances, instead of being fixed at Q, revolves 
in a retrograde direction upon the circumference of a circle of which X 
is the centre, and X Q the radius. 

After a thorough discussion of the observations upon which his data 
and his methods are founded, and a full exposition of the latter, Ptolemy 
sepa himself to construct tables, which are included in the body of 

is work, from which the true places of the planets at any given time 
may be found by a brief and simple process. The Hindus are also ac- 
customed to employ such tables, although their construction and use are 
nowhere alluded to in this treatise. Hindu tables, in part professing to 
be calculated according to the Sarya-Siddhanta, have been published 
by Bailly (Traité de l’Astr. Ind. et Or., p. 335, etc.), by Bentley (Hind, 
Ast., p. 219, etc.), by Warren (K4la Sankalita, Tables), by Mr. Hoising- 
ton (Oriental Astronomer, p. 61, etc.), and, for the sun and moon, by 
Davis (As. Res., ii. 255, 256). 

We are now in a condition to compare the planetary system of the 
Hindus with that of the Greeks, and to take note of the principal re- 
semblances and differences between them. And it is evident, in the first 

lace, that in all their grand features the two are essentially the same, 

oth alike analyze, with remarkable success, the irregularities of the 
apparent motions of the planets into the two main elements of which 
they are made up, and both adopt the same method of representing and 
calculating those irregularities. Both alike substitute eccentric circles 
for the true elliptic orbits of the planets. Both agree in assigning to 
Mercury and Venus the same mean orbit and motion as to the sun, and 
in giving them epicycles which in fact correspond to their heliocentric 
orbits, making the centre of those epicycles, however, not the true, but 
the mean place of the sun, and also applying to the latter the correction 
due to the eccentricity of the orbit. Both transfer the centre of the 
orbits of the superior planets from the sun to the earth, and then assign 
to each, as an epicycle, the earth’s orbit; not, however, in the form of 
an ellipse, nor even of an eccentric, but in that of a true circle; and 
here, too, both make the place of the centre of the epicycle to depend 
upon the mean, instead of the true, place of the sun. The key to the 
whole system of the Greeks, and the determining cause both of its nu- 
merous accordances with the actual conditions of things in nature, and 
of its inaccuracies, is the principle, distinctly laid down and strictly ad- 
hered to by them, that the planetary movements are to be represented 
by a combination of equable circular motions alone, none other being 
deemed suited to the dignity and perfection of the heavenly bodies. By 
the Hindus, this principle is nowhere expressly recognized, so far as we 
are aware, as one of binding influence, and although their whole system, 
no less than that of the Greeks, seems in other respects inspired by it, 
itis in one point, as we shall note more particularly hereafter, distinctly 
abandoned and violated by them (see below, under vv. 50, 51). We 
cannot but regard with the highest admiration the acuteness and in- 
dustry, the power of observation, analysis, and deduction of the Greeks, 
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that, hampered by false assumptions, and imperfectly provided with 
instruments, they were able to construct a science containing so much 
of truth, and serving as a secure basis for the improvements of after 

“time: whether we pay the same tribute to the genius of the Hindu will 
depend upon whether we consider him also, like all the rest of the world, 
to have been the pupil of the Greek in astronomical science, or whether 
we shall believe him to have arrived independently at a system so 
closely the counterpart of that of the West. 

The differences between the two systems are much less fundamental 
and important. The assumption of a centre of equal distance different 
from that of equal angular motion—and, in the case of Mercury, itself 
also movable—is unknown to the Hindus: this, however, appears to be 
an innovation introduced into the Greek system by Ptolemy, and un- 
known before his time; it was adopted by him, in spite of its seeming 
arbitrariness, because it gave him results according more nearly with his 
observations. The moon’s evection, the discovery of Ptolemy, is equally 
wanting in the Hindu astronomy. As regards the combined application 
of the equations of the apsis and the conjunction, the two systems are 
likewise at variance. Ptolemy follows the truer, as well as the simpler, 
method: he applies first the whole correction for the eccentricity of the 
orbit, obtaining as a result, in the case of the superior planets, the 
planet’s true heliocentric place; and this he then corrects for the paral- 
lax of the earth’s position. Here, too, ignorant as he was of the actual 
relation between the two equations, we may suppose him to have been 
guided by the better coincidence with observation of the results of his 
processes when thus conducted. The Hindus, on the other hand, not 
knowing to which of the two supernaturat beings at the apsis and con- 
junetion should be attributed the priority of influence, conceived them 
to act simultaneously, and adopted the method stated above, in verse 44, 
of obtaining an average place whence their joint effect should be calcu- 
lated. This is the only point where they forsook the geometrical method, 
and suffered their theory respecting the character of the forces produ- 
cing the inequalities of motion to modify their processes and results. 
The change of dimensions of the epicycles is also a striking peculiarity 
of the Hindn system, and to us, thus far, its most enigmatical feature. 
The virtual effect of the alteration upon the epicycles themselves is to 
give them a form approximating to the elliptical. But, although the 
epicycles of the conjunction of the inferior planets represent the proper 
orbits of those planets, and those of the superior the orbit of the earth, 
it is not possible to see in this alteration an unconscious recognition of 
the principle of ellipticity, because the major axis of the quasi-ellipse— 
or, in the case of Jupiter and Saturn, the minor axis—is constantly 
pointed toward the earth. Its effect upon the orbit described. by the 
planet is, as concerns the epicycle of the apsis, to give to the eccentric 
circle an ovoid shape, flattened in the first and fourth quadrants, bulging 
in the second and third: this is, so far as it goes, an approximation to- 
ward Ptolemy’s virtual orbit, a circle described about a centre distant 
from the earth’s place by only half the equivalent of the radius of the 
Hindu epicycle (the circle A’ P in figure 6): but the approximation 

seems too distant to furnish any hint of an explanation. A diminution 
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of the epicycle also effects a corresponding diminution of the equation, 
earrying the planet forward where the equation is subtractive, and back- 
ward where it. is additive: but we hardly feel justified in assuming that 
it is to be regarded as an empirical correction, applied to make the re 
sults of calculation agree more nearly with those of observation, because 
its amount and place stand in no relation which we have been able to 
trace to the true elements of the planetary orbits, nor is the accuracy 
of either the Hindu calculations or observations so great as to make 
such slight corrections of appreciable importance. We are compelled 
to leave the solution of this difficulty, if it shall prove soluble, to later 
investigation, and a more extended comparison of the different text- 
books of Hindu astronomical science. 

As regards the numerical value of the elements adopted by the two 
he refee mutual relation, and their respective relations to the true 
elements established by modern science, are exhibited in the annexed 
table. The first part of it presents the comparative dimensions of the 
planetary orbits, or the value of the radius of each in terms of that of 
the earth’s orbit. In the case of Mercury and Venus, this is represented 
by the relation of the radius of the epicycle (of the conjunction) to that 
of the orbit; in the case of the superior planets, by that of the radius 
of the orbit to the radius of the epicycle. For the Hindu system it 
was necessary to give two values in every case, derived respectively from 
the greatest and least dimensions of the epicycles. Such a relative de- 
termination of the moon’s orbit, of course, could not be obtained: its 
absolute dimensions will be found stated later (see under iv. 3 and xii. 
84). The second part of the table gives, as the fairest practicable com- 
parison of the values assigned by each system to the eccentricities, the 
greatest equations of the centre. For Mercury and Venus, however, the 
ancient and modern determinations of these equations are not at all 
comparable, the latter giving their actual heliocentric amount, the for- 
mer their apparent value, as seen from the earth. 


Relative Dimensions and Eccentricities of the Planetary Orbits, according 
to Different Authorities. 





























Radius of the Orbit. Sreatest Equation of the Centre. 
Planet, Sirya-Siddhanta Sirya- 

even quad odd quad Ptolemy. | Moderns | sigadhanta.| Ptolemy-| Moderns. 

Sun, 1.0000 | 1.0000 | 1.0000 | 1.0000 | 2 10 31 | 2 23] 1 55 27 
IR | 4 Wo caha aia’ i iets aie i capidned OU « aidub ies § 246| 5 11617323 
Mercury, 3694 | .3667 | .3750 | .3871 | 4 27 35| 2 52 |23 4o 43 
Venus, 7278 | .7222 | .7194| .7233|} 145 3| 2 23/0471 
Mars, 1.5139 | 1.5513 | 1.5190 | 1.5237 | 11 32 331 32 jto 41 33 
Jupiter, 5.1429 | 5.0000 | 5.2174 | 5.200288 | 5 558 | 5 16) 5 31 14 
Saturn, 9 2308 | 9.0000 | 9.2308 | 9.5389 | 7 39 32 | 6 32/6 26 12 











46. Multiply the daily motion (bhukti) of a planet by the sun’s 
result from the base-sine (b@huphala), and divide by the number 
of minutes in a circle (bhacakra); the result, in minutes, apply 
to the planet’s true place, in the same direction as the equation 
was applied to the sun. * 
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By this rule, allowance is made for that part of the equation of time, 
or of the difference between mean and apparent solar time, which is due 
to the difference between the sun’s mean and true places. The instru- 
ments employed by the Hindus in measuring time are described, very 
briefly and insufficiently, in the thirteenth chapter of this work: in all 
probability the gnomon and shadow was that most relied upon; at any 
rate, they can have had no means of keeping mean time with any accu- 
racy, and it appears from this passage that apparent time alone is re- 
garded as ascertainable directly. Now if the sun moved in the equi- 
noctial instead of in the ecliptic, the interval between the passage of his 
mean and his true place across the meridian would be the same part of 
a day, as the difference of the two places is of a circle: hence the pro- 
portion upon which the rule in the text is founded: as the number of 
minutes in a circle is to that in the sun’s equation (which is the same 
with his “result from the base-sine:” see above, v. 39), so is the whole 
daily motion of any planet to its motion during the interval. And 
since, when the sun is in advance of his true place, he comes later to 
the meridian, the planet moving on during the interval, and the reverse, 
the result is additive to the planet’s place, or subtractive from it, accord- 
ing as the sun’s equation is additive or subtractive. 

The other source of difference between true and apparent time, the 
difference in the daily increment of the arcs of the ecliptic, in which 
the sun moves, and of those of the equinoctial, which are the megsures 
of time, is not taken account of in this treatise. This is the more 
strange, as that difference is, for some other purposes, calculated and 
allowed for. 

At the time for which we have ascertained above the true places of 
the planets, the sun is so near the perigee, and his equation of place is 
so small, that it renders necessary no modification of the places as 
given; even the moon moves but a small fraction of a second during 
the interval between mean and apparent midnight. 

By bhukti, as used in this verse, we are to understand, of course, not 
the mean, but the actual, daily motion of the planet: the commentary 
also gives the word this interpretation. How the actual rate of motion 
is found at any given time, is taught in the next passag 


47. From the mean daily motion of the moon subtract the 
daily motion of its apsis (manda), and, having treated the differ- 
ence in the manner prescribed by the next rule, apply the result, 
as an additive or staan equation, to the daily motion. 

48. The equation of a planet's daily motion is to be calculated 
like the place of the planet in the process for the apsis: multi- 
ply the daily motion by the difference of tabular sines corre- 
sponding to the base-sine (dorjyd) of anomaly, and then divide 
by two hundred and twenty-five; 

49. Multiply the result by the corresponding epicycle of the 


apsis (mandaparidhi), and divide by the number of degrees in a 
circle (bhagana); the result, in minutes, is additive when in the 
half-orbit beginning with Cancer, and subtractive when in that 
beginning with Capricorn. 
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Only the effect of the apsis upon the daily rate of motion is treated 
of in these verses; the farther modification of it by the conjunction is 
the subject of those which succeed. 

Verse 47 is a separate specification under the general rule given in 
the following verse, applying to the moon alone. The rate of a planet’s 
motion in its epicycle being equal to its mean motion from the apsis, or 
its anomalistic motion, it is necessary in the case of the moon, whose 
apsis has a perceptible forward movement, to subtract the daily amount 
of this movement from that of the planet in order to obtain the daily 
rate of removal from the apsis. 

In the first half of verse 48 the commentary sees only an intimation 
that, as regards the apsis, the equation of motion is found in the same 
general method as the equations of place, a certain factor being multi- 
plied by the circumference of the epicycle and divided by that of the 
orbit. Such a direction, however, would be altogether trifling and super- 
fluous, and not at all in accordance with the usual compressed style of 
the treatise; and moreover, were it to be so understood, we should lack 
any direction as to which of the several places found for a planet in the 
process for ascertaining its trae place should be assumed as that for 
which this first equation of motion is to be calculated. The true mean- 
ing of the line, beyond all reasonable question, is, that the equation is 
to be derived from the same data from which the equation of place for 
the apsis was finally obtained, to be applied to the planet’s mean posi- 
tion, as this is applied to its mean motion; from the data, namely, of 
the third process, as given above. 

The principle upon which the rule is founded may be explained as 
follows. The equation of motion for any given time is evidently equal 
to the amount of acceleration or of retardation effected during that time 
by the influence of the apsis. Thus, in Fig. 3 (p. 208), mn, the sine of 
a’m, is the equation of motion for the whole time during which the 
centre of the epicycle has been traversing the arc AM. If that are, 
and the arc a’ m, be supposed to be divided into any number of equal 
portions, each equal to a day’s motion, the equation of motion for each 
successive day will be equal to the successive increments of the sines of 
the increasing arcs in the epicycle; and these will be equal to the suc- 
cessive increménts from day to day of the sines of mean anomaly, re- 
duced to the dimensions of the epicycle. But the rate at which the 
sine is pease or decreasing at any point in the quadrant is approxi- 
mately measured by the difference of the tabular sines at that point: 
and as the arcs of mean daily motion are generally quite small—being, 
except in the case of the moon, much less than 3° 45’, the unit of the 
table—we may form this proportion: if, at the point in the orbit occu- 
pied by the planet, a difference of 3° 45/ in arc produces an increase or 
decrease of a given amount in sine, what increase or decrease of sine 
will be produced by a difference of arc equal to the planet’s daily 
motion? or, 225 : diff. of tab. sines : : planet’s daily motion ; correspond- 
ing diff. of sine. The reduction of the result of this proportion to the 
dimensions of the epicycle gives the equation sought. 

We will calculate by this method the true daily motion of the moon 
at the time for which her true longitude has been found above. 
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Moon’s mean daily motion (i. 30), 790’ 35’ 
deduct daily motion of apsis (i. 33), 6 41 


Moon’s mean anomalistic motion, 783 54 


From the process of calculation of the moon’s true place, given above, 
we take 


Moon’s mean anomaly, 1o® 18° 46! 15/¢ 
Sine of anomaly (bhujajyd), 2266’ 


From the table of sines (ii. 15-27), we find 
Corresponding difference of tabular sines, 174! 


Hence the proportion 
225': 174’: : 783’ 54’ : 606’ 13” 

shows the increase of the sine of anomaly in a day at this point to be 
606’ 13”. ‘The dimensions of the epicycle were found to be 31° 47, 
Hence the proportion 

360° : 31° 47’: 606! 13’ ; 53! 31°" 
give us the desired equation of motion, as 53/31”. By verse 49 it is 
subtractive, the planet being less than a quadrant from the apsis, or its 
anomaly being more than nine and less than three signs. Therefore, 
from the 


Moon’s mean daily motion, 790! 35’ 
subtract the equation, 53 31 


Moon’s true daily motion at given time, 737 4 


The roughness of the process is well illustrated by this example. 
Had the sine of anomaly been but 2/ greater, the difference of sines 
would have been 10’ less, and the equation only about 50’. 

The equation of the sun’s motion, calculated in a similar manner, is 
found to be +2/ 18”, and his true motion 61/ 26”. 

The corrected rate of motion of the other planets will be given under 
the next following passage. 


50. Subtract the daily motion of a planet, thus corrected for 
the apsis (manda), from the daily motion of its conjunction 
(¢ighra) ; then multiply the remainder by the difference between 
the last hypothenuse and radius, 

51. And divide by the variable hypothenuse (cala karna): the 
result is additive to the daily motion when the hypothenuse is 
greater than radius, and subtractive when this is less; if, when 
subtractive, the equation is greater than the daily motion, deduct 
the latter from it, and the remainder is the daily motion in a 
retrograde (vakra) direction. 


The commentary gives no demonstration of the rule by which we are 
here taught to calculate the variation of the rate of motion of a planet 
occasioned by the action of its conjunction: the following figure, how- 
ever (Fig. 7), will illustrate the principle upon which it is founded. 
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As in a previous , oy (Fig. 5, p. 212), CM M’ represents the mean 
orbit of @ planet, E the earth, and M the planet's mean position, at a 


given time, relative to its conjunction, C: the circle described about M 
is the epicycle of the conjunction: it is drawn, in the figure, of the 


Fig. 7. 


relative dimensions of that assumed 
for Mars. Suppose M’M to be the 
amount of motion of the centre of 
the epicycle, or the (equated) mean 
synodical motion of the planet, 
during one day; mm is the are of 
the epicycle traversed by the planet 
in the same time. As the amount 
of daily synodical motion is in every 
case small, these arcs are necessarily 
greatly exaggerated in the figure, 
being made about twenty-four times 
too great for Mars. Had the planet 
remained stationary in the epicycle 
at m’ while the centre of the epi- 
cycle moved from M’ to M, its place 
at the given time would be at s; 
having moved to m, it is seen at ¢: 
hence s¢ is the equation of daily motion, of which it is required to 
ascertain the value. Produce Em’ to n, making En equal to Em, and 
join mn; from M draw Mo at right angles to Em. Then, since the arc 
mm’ is very small, the angles Emn and Enm, as also Mmm! and 
M m’ m, may be regarded as right angles; M mo and nm’ are there- 
fote equal, each being the complement of Emm’, and the triangles 
mnm’ and Mmo are similar. Hence 


Mm:mo::mm’:mn 
But EM:Mm::MM’:ma’ 
Hence, by combining terms, EM:mo::MM’:mn 
But is: Et::mn:Em 


Sern Soe EM equals Et, t $os:m0:: MM’ :Bas 
y again combining, 

and, reducing the proportion to an equation, ¢3, the required equation 
of motion, equals MM’, the equated mean synodical motion in a day, 
multiplied by mo, and divided by Em, the variable hypothenuse. This, 
however, is not precisely the rule given above; for in the text of this 
Siddhanta, m4, the difference between the variable hypothenuse and 
radius, is substituted for mo, as if the two were virtually equivalent: a 
highly inaccurate assumption, since they differ from one another by the 
versed sine, 0 ¢, of the equation of the conjunction, M¢, which equation 
is sometimes as much as 40°: and indeed, the commentary, contrary to 
its usual habit of obsequiousness to the inspired text with which it has 
to deal, rejects this assumption, and says, without even an apology for 
the liberty it is taking, that by the word “radius” in verse 50 is to be 
understood the cosine (otiy4) of the second equation of the conjunction. 
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In illustration of the rule, we will calculate the true rate of daily 
motion of the planet Mars, at the same time for which the previous 
calculations have been made. 

By the process already illustrated under the preceding passage, the 
equation of Mars’s daily motion for the effect of the apsis, as derived from 
the data of the third process for ascertaining his true place, is found to 
be -3' 41”, the difference of tabular sines being 131’. Accordingly, 


from the mean daily motion of Mars (i. 34), 31’ 96/7 
deduct the equation for the apsis, 3 41 
Mars’s equated daily motion, 27 45 
Now, to find the equated daily synodical motion, 
from the daily motion of Mars’s conjunction (the sun), 59’ 8/ 
deduct his equated daily motion, 27 45 
Mars’s equated daily synodical motion, 31 23 


The variable hypothenuse used in the last process for finding the true 
place was 3984’; its excess above radius is 546’. The proportion 
3984! : 546’ :: 31’ 23/7: 4’ 18/" 
shows, then, that the equation of motion due to the conjunction at the 
given time is 4/ 18”, Kince the hypothenuse is greater than radius— 


that is to say, since the planet is in the half-orbit in which the influence 
of the conjunction is accelerative—the equation is additive. Therefore, 


to Mars’s equated daily motion, 27’ 45’ 
add the equation for the conjunction, 4.18 


Mars’s true daily motion at the given time, 32 3 


In this calculation we have followed the rule stated in the text: had 
we accepted the amendment of the commentary, and, in finding the 
second term of our proportion, substituted for radius the cosine of 
33° 44’, the resulting equation would have been more than doubled, 
becoming 8/51”, instead of 4/18”; this happening to be a case where 
the difference is nearly as great as possible. We have deemed it best, 
however, in making out the corresponding results for all the five planets, 
as presented in the annexed table, to adhere to the directions of the 
text itself. The inaccuracy, it may be observed, is greatest when the 
equation of motion is least, and the contrary; so that, although some- 
times very large relatively to the equation, it never comes to be of any 
great importance absolutely. 


Results of the Processes for finding the True Daily Motion of the Planets. 





Diff. | Equation | Equated uated | Equation True 


Planet. of sines.| of Apsis. | Motion. |Synod.Motion. of Conjunction.| Motion. 








‘ ’ ” ” ” ” ‘ ” 


Mercury, 205 | -4 21 | 54 47] 190 45 45 | +29 2 
Venus, 219} +1 53| 61 1 ka 17 | +72 18 
Mars, 131 | -3 41 | 27 45 3: 23 18 | +32 3 
Jupiter, 371 <0. At. % 54 13 41 |-7 4 
Saturn, 119; +0 8| 2 8 7. 6 1 |-3 3 
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The final abandonment by the Hindus of the principle of equable cir- 
cular motion, which lies at the foundation of the whole system of eccen- 
trics and epicycles, is, as already pointed out above (under vv. 43-45), 
distinctly exhibited in this process; m/m (Fig. 7), the arc in the epi- 
cycle traversed by the planet during a given interval of time, is no fixed 
and equal quantity, but is dependent upon the arc M’M, the value of 
which, having suffered correction by the result of a triply complicated 
process, is altogether irregular and variable. This necessarily follows 
from the assumption of simultaneous and mutual action on the part of 
the beings at the apsis and conjunction, and the consequent impossibility 
of constructing a single connected geometrical figure which shall repre- 
sent the joint effect of the two disturbing influences. By the Ptolemaic 
method the principle is consistently preserved: the fixed axis of the 
epicycle (see Fig. 6, p. 217), to the revolution of which that of the 
epicycle itself is bound, is ¢P X; and as the angle PT, like 2X A”, 
increases equably, the planet traverses the circumference of the epicycle 
with an unvarying motion relative to the fixed point 2; yer. the 
equation is derived, not from the arc xT, but from eT, the equivalent of 
CR, its part ez varying with the varying angle E P X. 

In case the reverse motion of the planet upon the half-circumference 
of the epicycle within the mean orbit is, when projected upon the orbit, 
greater than the direct motion of the centre of the epicycle, the planet 
will appear to move backward in its orbit, at a rate equal to the excess 
of the former over the latter motion. This is, as the last table shows, 
the case with Jupiter and Saturn at the given time. The subject of the 
retrogradation of the planets is continued and egmpleted in the next 
following passage. 


52. When at a great distance from its conjunction (gghrocea), 
a planet, having its substance drawn to the left and right by 
slack cords, comes then to have a retrograde motion. 

53. Mars and the rest, when their degrees of commutation 
(kendra), in the fourth process, are, respectively, one hundred 
and sixty-four, one hundred and forty-four, one hundred and 
thirty, one hundred and sixty-three, one hundred and fifteen, 

54. Become retrograde (vakrin): and when their respective 
commutations are equal to the number of degrees remaining 
after subtracting those numbers, in each several case, from a 
whole circle, they cease retrogradation. 

55. In accordance with the greatness of their epicycles of the 
conjunction (¢ighraparidhi), Venus and Mars cease retrograding 
in the seventh sign, Jupiter and Mercury in the eighth, Saturn 
in the ninth. 


The subject of the stations and retrogradations of the planets is 
rather briefly and summarily disposed of in this passage, although 
treated with as much fullness, perhaps, as is consistent with the general 
method of the Siddhanta. Ptolemy devotes to it the.greater part of 
the twelfth book of the Syntaxis. 
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The first verse gives the theory of the physical cause of the phenome- 
non: it is to be compared with the opening verses of the chapter, 
particularly verse 2. We note here, again, the entire disavowal of the 
system of epicycles as a representation of the actual movements of the 
planets. How the slackness of the cords by which each planet is 
attached to, and attracted by, the supernatural being at its conjunction, 
furnishes an explanation of its retrogradation which should commend 
itself as satisfactory to the mind even of one who believed in the super- 
natural being and the cords, we find it very hard to see, in spite of the 
explanation of the commentary: it might have been better to omit 
verse 52 altogether, and to suffer the phenomenon to rest upon the 
simple and intelligible explanation given at the end of the preceding 
verse, which is a true statement of its cause, expressed in terms of the 
Hindu system. The actual reason of the apparent retrogradation is, 
indeed, different in the case of the inferior and of the superior planets. 
As regards the former, when they are traversing the inferior portion of 
their orbits, or are nearly between the sun and the earth, their helio- 
centric eastward motion becomes, of course, as seen from the earth, 
westward, or retrograde; by the parallax of the earth’s motion in the 
same direction this apparent retrogradation is diminished, both in rate 
and in continuance, but is not prevented, because the motion of the 
inferior planets is more rapid than that of the earth. The retrograda- 
tion of the superior planets, on the other hand, is due to the parallax of 
the earth’s motion in the same direction when between them and the 
sun, and is lessened by their own motion in their orbits, although not 
done away with altogether, because their motion is less rapid than that 
of the earth. But, in the Hindu system, the revolution of the planet in 
the epicycle of the conjunction represents in the one case the proper 
motion of the planet, in the other, that of the earth, reversed; hence, 
whenever its apparent amount, in a contrary direction, exceeds that of 
the movement of the centre of the epicycle—which is, in the one case, 
that of the earth, in the other, that of the planet itself—retrogradation 
is the necessary consequence. 

Verses 53-55 contain a statement of the limits within which retro- 
gradation takes place. The data of verse 53 belong to the different 
planets in the order, Mars, Mercury, Jupiter, Venus, and Saturn (see 
above, under i. 51, 52). That is te say, Mercury retrogrades, when his 
equated commutation, as made use of in the fourth process for finding 
his true place (see above, under vv. 43-45), is more than 144° and less 
than 216°; Venus, when her commutation, in like manner, is between 
168° and 197°; Mars, between 164° and 196°; Jupiter, between 130° 
and 230°; Saturn, between 115° and 245°. These limits ought not, 
however, even according to the theory of this Siddhanta, to be laid 
down with such exactness; for the precise point at which the subtractive 
equation of motion for the conjunction will exceed the proper motion 
of the planet must depend, in part, upon the varying rate of the latter 
as affected by its eccentricity, and must accordingly differ a little at 
different times. We have not thought it worth while to calculate the 
amount of this variation, nor to draw up a comparison of the Hindu 
with the Greek and the modern determinations of the limits of retro- 
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gradation, since these are dependent for their correctness upon the accu- 
racy of the elements assumed, and the processes employed, both of 
which have been already sufficiently illustrated. 

The last verse of the passage adds little to what had been already 
said, being merely a repetition, in other and less precise terms, of the 
specifications of the preceding verse, together with the assertion of a 
relation between the limits of retrogradation and the dimensions of the 
respective epicycles; a relation which is only empirical, and which, as 
regards Venus and Mars, does not quite hold good. 


56. To the nodes of Mars, Saturn, and Jupiter, the equation 
of the conjunction is to be applied, as to the planets themselves 
respectively; to those of Mercury and Venus, the equation of 
the apsis, as found by the third process, in the contrary direction. 

57. The sine of the are found by subtracting the place of the 
node from that of the planet—or, in the case of Venus and 
Mercury, from that of the conjunction—being multiplied by the 
extreme latitude, and divided by the last hypothenuse—or, in 
the case of the moon, by radius—gives the latitude (vikshepa). 

58. When latitude and declination (apakrama) are of like 
direction, the declination (krdént:) is increased by the latitude; 
when of different direction, it is diminished by it, to find the 
true (spashta) declination: that of the sun remains as already 
determined. 


How to find the declination of a planet at any given point in the 
ecliptic, or circle of declination (krantivrtia), was taught us in verse 28 
above, taken in connection with verses 9 and 10 of the next chapter: 
here we have stated the method of finding the actual declination of any 
planet, as modified by its deviation in latitude from the ecliptic. 

The process by which the amount of a planet’s deviation in latitude 
from the ecliptic is here directed to be found is more correct than might 
have been expected, considering how far the Hindus were from compre- 
hending the true relations of the solar system. The three quantities 
employed as data in the process are, first, the angular distance of the 
planet from its node; second, the apparent value, as latitude, of its 
greatest removal from the ecliptic, when seen from the earth at a mean 
distance, equal to the radius of its mean orbit; and lastly, its actual 
distance from the earth. Of these quantities, the second is stated for 
each planet ia the concluding verses of the first chapter; the third is 
correctly represented by the variable hypothenuse (cala karna) found in 
the fourth process for determining the planet’s true place (see above, 
under vv. 43-45) ; the first is still to be obtained, and verse 56 with the 
first part of verse 57 teach the method of ascertaining it. The princi- 
ple of this method is the same for all the planets, although the state- 
ment of it is so different; it is, in effect, to apply to the mean place of 
the planet, before taking its distance from the node, only the equation 
of the apsis, found as the result of the third process. In the case of 
the superior planets, this method has all the correctness which the 
Hindu system admits; for by the first three processes of correction is 
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j found, as nearly as the Hindus are able to find it, the true heliocentric 
place of the planet, the distance from which to the node determines, of 
course, the amount of removal from the ecliptic. . Instead, however, of 
taking this distance directly, rejecting altogether the fourth equation, 
that for the parallax of the earth’s place, the Hindus apply the latter 
both to the planet and to the node; their relative position thus remains 
the same as if the other method had been adopted. 

Thus, for instance, the position of Jupiter’s node upon the first of 
January, 1860, is found from the data already given above (see i. 41-44) 
to be 28 19° 40’; his true heliocentric longitude, employed as a datum in 
the fourth process (see p. 216), is 38 1° 6’; Jupiter’s heliocentric dis- 
tance from the node is, accordingly, 11° 26’. Or, by the Hindu method, 
the planet’s true geocentric place is 38 4° 11’, and the corrected longi- 
tude of its node is 2% 22° 45’; the distance remains, as before, 11° 26’. 

In the case of the inferior planets, as the assumptions of the Hindus 
respecting them were farther removed from the truth of nature, so their 
method of finding the distance from the node is more arbitrary and less 
accurate, In their system the heliocentric position of the planet is rep- 
resented by the place of its conjunction (gighra), and they had, as is 
shown above (see ii. 8), recognized the fact that it was the distance of 
the latter from the node which determined the amount of deviation from 
the ecliptic. Now, in ascertaining the heliocentric distance of an infe- 
rior planet from its node, allowance needs to be made, of course, for the 
effect upon its position of the eccentricity of its orbit. But the Hindu 
equation of the apsis is no true representative of this effect: it is calcu- 
lated in order to be applied to the mean place of the sun, the assumed 
centre of the epicycle—that is, of the true orbit; its value, as found, is 
geocentric, and, as appears by the table on p. 220, is widely different 
from its heliocentric value; and its sign is plus or minus according as 
its influence is to carry the planet, as seen from the earth, eastward or 
westward; while, in either case, the true heliocentric effect may be at 
one time to bring the planet nearer to, at another time to carry it farther 
from, the node. The Hindus, however, overlooking these incongruities, 
and having, apparently, no distinct views of the subject to guide them 
to a correcter method, follow with regard to Venus and Mercury what 
seems to them the same rule as was employed in the case of the other 
planets—they apply the equation of the apsis, the result of the third 
process, to the mean place of the conjunction; only here, as before, by 
an indirect process: instead of applying it to the conjunction itself, they 
apply it with a contrary sign to the node, the effect upon the relative 
position of the two being the same. 

Thus, for instance, the longitude of Mercury’s conjunction at the 
given time is (see p. 214) 48 16° 57’; from this subtract 2° 2’, the equa- 
tion of the apsis found by the third process, and its equated longitude 
is 48 14° 55’: now deducting the longitude of the node at the same 
time, which is 20° 41’, we ascertain the planet’s distance from the node 
to be 38 24° 14’. Or, by the Hindu method, add the same equation to 
the mean position of the node, and its equated longitude is 22° 43’; 
subtract this from the mean longitude of the conjunction, and the dis- 
tance is, as before, 3° 24° 14’. 
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The planet’s distance from the node being determined, its latitude 
would be found by a process similar to that prescribed in verse 28 of 
this chapter, if the earth were at the centre of motion; and that rule is 
accordingly applied in the case of the moon; the proportion being, as 
radius is to the sine of the distance from the node, so is the sine of ex- 
treme latitude (or the latitude itself, the difference between the sine and 
the arc being of little account when the arc is so small) to the latitude 
at the given point. In the case of the other planets, however, this pro- 
portion is modified by combination with another, namely: as the last 
variable hypothenuse (cala karna), which is the line drawn from the 
earth to the finally determined place of the planet, or its true distance, 
is to radius, its mean distance, so is its apparent latitude at the mean 
distance to its apparent latitude at its true distance. That is, with 

R : sin nod. dist. : : extreme lat. : actual lat. at dist. R 
combining var. hyp: R :: lat. at dist. R : lat. at true dist. 
we have var. hyp : sin nod. dist. : : extreme lat. : actual lat. at true dist. 
which, turned into an equation, is the rule in the latter half of v. 57. 

The latitude, as thus found, is measured, of course, upon a secondary 
to the ecliptic. By the rule in verse 58, however, it is treated as if 
measured upon a circle of declination, and is, without modification, 
added to or subtracted from the declination, according as the direction 
of the two is the same or different. The commentary takes note of this 
error, but explains it, as in other similar cases, as being, “for fear of 

iving men trouble, and on account of the very slight inaccuracy, over- 
ked by the blessed Sun, moved with compassion.” 

We present in the annexed table the results of the processes for calcu- 
lating the latitude, the declination, and the true declination as affected 
by latitude, of all the planets, at the time for which their longitude has 

y been found. The declination is calculated by the rule in verse 
28 of this chapter, the precession at the given time being, as found 
under verses 9-12 of the next chapter, 20° 24/ 39”. Upon the line for 
the sun im the table are given the results of the process for calculating 
his declination, the equinox itself being accounted as a “ node” : it is, in 
fact, styled, in modern Hindu astronomy, krantipdta, “node of declina- 
tion,” although that term does not occur in this treatise. 


Results of the Process for finding the Latitude and Declination of the 








Planets. 
Planet. ——_ a... a Sine. | Latitude. | Declination. ee 
3 o ' ” Bs e¢ ' 8 oO ’ ‘ oO ‘ ° ‘ — U 
Sun, © 20 24 3 | reeeeee 9 8 40 | 3397} ....... 93.41 Bt. deci 
Moon, 9 24 24 43) cece. 1 23 14 | 2754|3 36N.| 4 56N.| 8 32N. 


Mercury, | © 20 40 41/0 22 43| 3 24 14 | 3134/2 4N./23 10S./21 6°. 
Venus, I 29 39 22/1 29 16| 8 22 34 | 3409 | 1 21S. | 20 278. ] 21 48S, 
Mars, 110 3 5/213 47| 4 458] 2816/1 4N.| 84 528.) 13 48°. 
Jupiter, | 219 40 5/2 22 45/011 26| 682 {0 15N./ 21 42 N./ a1 57N. 
Saturn, 3 10 20 453 14 38] 0 16 24] 970/00 37N.| 84 fo N15 17N, 
































We are now able to compare the Hindu determinations of the trae 
places and motions of the planets with their actual positions and motions, 
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as obtained by modern science. The comparison is made in the annexed 
table. As the longitudes given by the Sarya-Siddhanta contain a con- 
stant error of 2° 20/, owing to the incorrect rate of precession adopted 
by the treatise, and the false position thence assigned to the equinox, we 
give, under the head of longitude, the distance of each planet both from 
the Hindu equinox, and from the true vernal equinox of Jan. 1, 1860. 
The Hindu daily motions are reduced from longitude to right ascension 
by the rule given in the next following verse (v. 59), The modern data 
are taken from the American Nautical Almanac. 


True Places and Motions of the Planets, Jan. 1st, 1860, midnight, at 
Washington, according to the Stirya-Siddhanta and to Modern Science, 


True Longitude. eeitene Daily Motion 
Planet. | Sarya Siddhanta : eciination. in Right Ascension. 


from from |Moderns.| Sirya- Sarya- 
Hindu eq} true eq. | Siddhanta.| Moderns. Siddhinta, Moderns. 








Sun, 278 40 | 276 20 | 280 5] 23 41S8.| 23 5S./+ 66 2/|+ 66 18 
Moon, 8 4 5 44 727} 8 32N.| 6 56N.]| +683 50 | +655 14 
Mercury, | 255 16 | 252 56 | 257 25 | 21 68.| 20 428.|+ 31 13 | + 52 39 
Venus, 305 0 | 302 40 | 303 25 | a1 48S.| 20 58S.) + 72 59 | + 78 6 
Mars, 219 10 | 216 50 | aa1 33 | 13 48S.) 14 238.| + 31 58 | + 36 19 
Jupiter, 114 36 | 112 16 | 111 34 | a1 57N.] 22 2N.J- Bar j= 86 47 
Saturn, 14t 27 | 139 7 | 145 32] 1917N.) 14 15N.]- 3 3/- 29 
































The proper subject of the second chapter, the determination of the 
true places of the planets, oe brought to a close, we should ex- 


pect to see the chapter concluded here, and the other matters which it 
contains put off to that which follows, in which they would seem more 
properly to belong. The treatise, however, is nowhere distinguished for 
its orderly and consistent arrangement. 


59. Multiply the daily motion of a planet by the time of 
rising of the sign in which it is, and divide by eighteen hun- 
dred; the quotient add to, or subtract from, the number of respi- 
rations in a revolution: the result is the number of respirations 
in the day and night of that planet. 


In the first half of this verse is taught the method of finding the in- 
crement or decrement of right ascension corresponding to the increment 
or decrement of longitude made by any planet during one day. For the 
“time of rising” (udayaprénds, or, more commonly, udaydsaves, liter- 
ally “respirations of rising”) of the different signs, or the time in respi- 
rations (see i. 11), occupied by the successive signs of the ecliptic in 
passing the meridian—or, at the equator, in rising above the horizon— 
see verses 42-44 of the next chapter. The statement upon which the 
rule is founded is as follows: if the given sign, containing 1800’ of arc 
(each minute of arc corresponding, as eae above, under i. 11-12, 
to a respiration of sidereal time), occupies the stated mumber of respira, 
tions in passing the meridian, what number of respirations will be 
pied by the arc traversed by the on a given day? The 
gives the amount by which the day of each planet, reckoned in the 
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manner of this Siddhanta, or from transit to transit across the inferior 
meridian, differs from a sidereal day : the difference is additive when the 
motion of the planet is direct; subtractive, when this is retrograde. 

Thus, to find the length of the sun’s day, or the interval between two 
successive apparent transits, at the time for which his true longitude and 
rate of motion have already been ascertained. The sun’s longitude, as 
corrected by the precession, is 9° 8° 40’; he is accordingly in the tenth 
sign, of which the time of rising (udaydsavas), or the equivalent in right 
ascension, is 1935. His rate of daily motion in longitude is 61’ 26”, 
Hence the proportion 

1800! : 1935? : : 61’ 26’ : 66P.04 

shows that his day differs from the true sidereal day by 11V 0?.04. As 
his motion is direct, the difference is additive: the length of the appar- 
ent day is therefore 60" 11¥ 0P.04, which is equivalent to 245 0™ 278.5, 
mean solar time. According to the Nautical Almanac, it is 245 0™ 28°.6, 
By a similar process, the length of Jupiter’s day at the same time is 
found to be 59" 587 4P, or 234 55™ 308.8; by the Nautical Almanac, it 
is 23 55™ 308, 

60. Calculate the sine and versed sine of declination: then 
radius, diminished by the versed-sine, is the day-radius: it is 
either south or north. 

The quantities made use of, and tke processes prescribed, in this and 
the following verses, may be explained and illustrated by means.of the. 
annexed figure (Fig. 8). 


Let the circle ZS Z/N: represent the meridian of a given place, C 


being the centre, the 
place of the observer, 
SN the section of the 
plane of his horizon— 
S being the south, and 
N the north point—Z 
and Z’ the zenith and 
its opposite point, 
the nadir, P and P’ 
the north and south 
poles, and E and E’ 
the points on the me- 
ridian cut by the 
equator. Let ED be 
the declination of a 
planet atagiven time; 
then D D’ will be the 
diameter of the circle 
of diurnal revolution 
described by the 
planet, and BD the 
radius of that circle: 
B D is the line which 
in verse 60 is called the “day-radius.” Draw DF perpendicular to EC: 


Fig. 8. 
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then it is evident that BD is equal to EC diminished by EF, which is 
the versed sine of ED, the declination. 

For “radius” we have hitherto had only the term trijyé (or its equiv- 
alents, trijivd, tribhajtud, tribhajyd, tribhamdéurvikd), literally “the sine 
of three signs,” that is, of 90°. That term, however, is applicable only 
to the radius of a great circle, or to tabular radius. In this verse, 
accordingly, we have for “day-radius” the word dinavydsadala, “half- 
diameter of the day ;” and other expressions synonymous with this are 
found used instead of it in other passages. A more frequent name for 
the same quantity in modern Hindu astronomy is dyujyd, “ day-sine :” 
this, although employed by the commentary, is not found anywhere in 
our text. 

It is a matter for surprise that we do not find the day-radius declared 
equal simply to the cosine (kotijyd) of declination. 

In illustration of the rule, it will be sufficient to find the radius of the 
diurnal circle described by the sun at the time for which his place has 
been determined. His declination, Ed (Fig. 8) was found to be 23° 41’; 
of this the versed sine, EF, is, by the table given above (ii. 22-27), 
290’: the difference between this and radius, EC, or 3438’, is 3148’, 
which is the value of CF or bd, the day-radius. The declination in 
this case being south, the day-radius is also south of the equator. 


61. Multiply the sine of declination by the equinoctial shadow, 
and divide by twelve; the result is the earth-sine (kshitijyd) ; 
this, multiplied by radius and divided by the day-radius, gives 
the sine of the ascensional difference (cara): the number of 
respirations due to the ascensional difference 

62. Is shown by the corresponding arc. Add these to, and 
subtract them from, the fourth part of the corresponding da 
and night, and the sum and remainder are, when declination is 
north, the half-day and half-night; 

63. When declination is south, the reverse; these, multiplied 
by two, are the day and the night. The day and the night of 
the asterisms (bha) may be found in like manner, by means of 
their declination, increased or diminished by their latitude. 


We were taught in verse 59 how to find the length of the entire day 
of a planet at any given time; this passage ig us the method of 
ascertaining the length of its day and of its night, or of that part of the 
day during which the planet is above, and that during which it is below, 
the horizon. 

In order to this, it is necessary to ascertain, for the planet in question, 
its ascensional difference (cara), or the difference between its night and 
oblique ascension, the amount of which varies with the declination of 
the planet and the latitude of the observer. The method of doing this 
is stated in verse 61: it may be explained by means of the last lene 
(Fig. 8). First, the value of the line A B, which is called the “ earth- 
sine” (kshitiyyd), is found, by comparing the two triangles ABC and 
CHE, which are similar, since the angles AC B and CEH are each 
equal to the latitude of the observer. The triangle C H E is represented 
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here by a triangle of which a gnomon of twelve digits is the perpen- 
dicular, and its equinoctial shadow, cast when the sun is in the equator 
and on the meridian (see the next chapter, verse 7, etc.), is the base. 
Hence the proportion EH: HC::BC:AB is equivalent—since BC 
equals DF, the sine of declination—to gnom. : eq. shad.::sin deel. : 
earth-sine. But the arc of which AB is sine is the same part of the 
circle of diurnal revolution as the ascensional difference is of the equa- 
tor; hence the reduction of A B to the dimensions of a great circle, by 
the proportion BD: AB::CE:CG, gives the vaiue of CG, the sine 
of the ascensional difference. The corresponding arc is the measure in 
time of the amount by which the part of the diurnal circle intercepted 
between the meridian and the horizon differs from a quadrant, or by 
which the time between sun-rise or sun-set and noon or midnight differs 
from a quarter of the day. 

In illustration of the process, we will calculate the respective length 
of the sun’s day and night at Washington at the time for which our 
previous calculations have been made. 

The latitude of Washington being 38° 54’, the length of the equi- 
noctial shadow cast there by a gnomon twelve digits long is found, by 
the rule given below (iii. 17), to be 94.68. The sine, dF or bC, of the 
sun’s declination at the given time, 23° 41’ S, is 1380’. Hence the 
proportion 

12:9.68:: 1380: 1113 
gives us the value of the earth-sine, a}, as 1113’. This is reduced to 
the dimensions of a great circle by the proportion 
3148 : 3438 :: 1113: 1216 

The value of Cg, the sine of ascensional difference, is therefore 1216’: 
the corresponding arc is 20° 44’, or 1244’, which, as a minute of arc 
equals a respiration of time, is equivalent to 3" 27” 2, The total 
length of the day was found above (under v. 59) to be 60" 11%; in- 
crease and diminish the quarter of this by the ascensional difference, 
and double the sum and remainder, and the length of the night is found 
to be 37" OV 1P, and that of the day 23" 10V 5°, which are equivalent 
respectively to 145 45™ 38,6 and 92 14™ 488.9, mean solar time. 

Of course, the respective parts of a sidereal day during which each 
of the lunar mansions, as represented by its principal star, will remain 
above and below the horizon of a given latitude, may be found in the 
same manner, if the declination of the star is known; and this is stated 
in the chapter (ch, viii) which treats of the asterisms. 

Why AB is called kshitijya is not easy to see. One is tempted 
to understand the term as meaning rather “sine of situation” than 
“earth-sine,” the original signification of kshiti being “abode, resi- 
dence”: it might then indicate a sine which, for a given declination, 
varies with the situation of the observer. But that kshiti in this com- 
pound is to be taken in its other acceptation, of “earth,” is at least 
strongly indicated by the other and more usual name of the sine in 
question, kujyd, which is used by the commentary, although not in the 
text, and which can only mean “earth-sine.” The word cara, used to 
denote the ascensional difference, means simply “variable”; we have 
elsewhere carakhanda, caradala, “variable portion”; that is to say, the 
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constantly varying amount by which the apparent day and night differ 
from the equatorial day and night of one half the whole day each. The 
gnomon, the equinoctial shadow, etc., are treated of in the next chapter. 


64. The portion (bhoga) of an asterism (ha) is eight hundred 
minutes; of a lunar day (tithz), in like manner, seven hundred 
and twenty. Ifthe longitude of a planet, in minutes, be divided 
by the portion of an asterism, the result is its position in aster- 
isms: by means of the daily motion are found the days, etc. 


The ecliptic is divided (see ch. viii) into 27 lunar mansions or aster- 
isms, of equal amount; hence the portion of the ecliptic occupied by 
each asterism. is 13° 20/, or 800’. In order to find, accordingly, in 
which asterism, at a given time, the moon or any other of the planets 
is, we have only to reduce its longitude, not corrected by the precession, 
to minutes, and divide by 800: the quotient is the number of asterisms 
traversed, and the remainder the part traversed of the asterism in which 
the planet is. The last clause of the verse is very elliptical and obscure ; 
according to the commentary, it is to be understood thus: divide by the 
planet’s true daily motion the part past and the part to come of the 
current asterism, and the quotients are the days and fractions of a day 
which the planet has passed, and is to pass, in that asterism. This in- 
terpretation is supported by the analogy of the following verses, and is 
doubtless correct. 

The true longitude of the moon was found above (under v. 39) to be 
118 17° 394, or 20,859’. Dividing by 800, we find that, at the given 
time, the moon is in the 27th, or last, asterism, named Revati, of which 
it has traversed 59’, and has 741’ still to pass over. Its daily motion 
being 737’, it has spent 28” 4?, and has yet to continue 14 0" 19” 3?, in 
the asterism. 

The latter part of this process proceeds upon the assumption that the 
planet’s rate of motion remains the same during its whole continuance 
in the asterism. A similar assumption, it will be noticed, is made in all 
the processes from verse 59 onward ; its inaccuracy is greatest, of course, 
where the moon’s motion is concerned. 

Respecting the lunar day (titht) see below, under verse 66. 


65. From the number of minutes in the sum of the longitudes 
of the sun and moon are found the yogas, by dividing that sum 
by the portion (bhoga) of an asterism. Multiply the minutes 
past and to come of the current yoga by sixty, and divide b 
the sum of the daily motions of the two planets: the result is 
the time in nadis. 


What the yoga is, is evident from this rule for finding it; it is the 
period, of variable length, during which the joint motion in longitude of 
the sun and moon amounts to 13° 20/, the portion of a lunar mansion. 
According to Colebrooke (As. Res., ix. 365; Essays, ii. 362, 363), the 
use of the yogas is chiefly astrological ; the occurrence of certain mova- 
ble festivals is, however, also regulated by them, and they are so fre- 
quently employed that every Hindu almanac contains a column speci- 
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fying the yoga for each day, with the time of its termination. The 
names of the twenty-seven yogas are as follows: 


1. Vishkambha. 10. Ganda. 19. Parigha. 
2. Priti. 11, Vrddhi. 20, Civa. 

3, Ayushmant. 12, Dhruva. : 21. Siddha. 
4. Saéubhagya. 13, Vyaghata. 22. Sadhya. 
5. Qobhana. 14, Harshana. 23, Qubha. 

6. Atiganda. 15. Vajra. 24. Cukla, 

7. Sukarman. 16. Siddhi. 25, Brahman. 
8. Dhrti. 17. Vyatipata. 26. Indra. 

9. Qala, 18, Variyas. 27. Vaidhrti. 


There is also in use in India (see Colebrooke, as above) another 
system of yogas, twenty-eight in number, having for the most part 
different names from these, and governed by other rules in their succes- 
sion. Of this system the Sirya-SiddhAnta presents no trace. 

We will find the time in yogas corresponding to that for which the 
previous calculations have been made. 

The longitude of the moon at that time is 11% 17° 39’, that of the 
sun is 8* 18° 15’; their sum is 88 5° 54’, or 14,754’. Dividing by 800, 
we find that eighteen yogas of the series are past, and that the current 
one is the nineteenth, Parigha, of which 354’ are past, and 446’ to 
come. To ascertain the time at which the current yoga began and that 
at which it is to end, we divide these parts respectively by 798'4, the 
sum of the daily motions of the sun and moon at the given time, and 
multiply by 60 to reduce the results to nadis: and we find that Parigha 
began 26" 36Y before, and will end 33" 30¥ 4P after the given time. 

he name yoga, by which this astrological period is called, is applied 
to it, apparently, as designating the period during which the “sum” 
(yoga) of the increments in longitude of the sun and moon amounts to a 
— quantity. It seems an entirely arbitrary device of the astrologers, 
eing neither a natural period nor a subdivision of one, not being of 
any use that we can discover in determining the relative position, or 
aspect, of the two planets with which it deals, nor having any assignable 
relation to the asterisms, with which it is attempted to be brought into 
connection. Were there thirty yogas, instead of twenty-seven, the 
period would seem an artificial counterpart to the lunar day, which is 
the subject of the next verse; being derived from the sum, as the other 
from the difference, of the longitudes of the sun and moon. 


66. From the number of minutes in the longitude of the moon 
diminished by that of the sun are found the lunar days (tithz), 
by dividing the difference by the portion (6hoga) of a lunar day. 

ultiply the minutes tay and to come of the current lunar day 
by sixty, and divide by the difference of the daily motions of 
the two planets: the result is the time in nadis. 


The ¢ithi, or lunar day, is (see i. 18) one thirtieth of a lunar month, 
or of the time during which the moon gains in longitude upon the sun 
a whole revolution, or 360°: it is, therefore, the period during which 
the difference of the increment of longitude of the two planets amounts 
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to 12°, or 720/, which arc, as.stated in verse 64, is its portion (bhoga). 
To find the current lunar day, we divide by this amount the whole ex- 
cess of the longitude of the moon over that of the sun at the given 
time ; and to find the part past and to come of the current day, we con- 
vert longitude into time in a manner analogous to that employed in the 
case of the yoga. / 

Thus, to find the date in lunar time of the midnight preceding the 
first of January, 1860, we first deduct the longitude of the sun from that 
of the moon; the remainder is 25 29° 24’, or 5364’: dividing by 720, 
it appears that the current lunar day is the eighth, and that 324! of its 
portion are traversed, leaving 396/ to be traversed. Multiplying these 
numbers respectively by 60, and dividing by 675’ 38”, the difference of 
the daily motions at the time, we find that 28" 46v 2P have passed since 
the beginning of the lunar day, and that it still has 35" 10¥ 8P to run. 

The lunar days have, for the most part, no distinctive names, but 
those of each half month (paksha—see above, under i. 48-51) are 
called first, second, third, fourth, etc., up to fourteenth. The last, or 
fifteenth, of each half has, however, a special appellation: that which 
concludes the first, the light half, ending at the moment of opposition, 
is called pdurnamdési, pirnimd, pirnamd, “day of full moon;” that 
which closes the month, and ends with the conjunction of the two 
planets, is styled amdvdsyd, “the day of dwelling together.” 

Each lunar day is farther divided into two halves, called karana, as 
appears from the next following passage. 


67. The fixed (dhruva) karanas, namely gakuni, ndga, catush- 
pada the third, and kinstughna, are counted from the latter half 
of the fourteenth day of the dark half-month. 

68. After these, the karanas called movable (cara), namely 
bava, etc., seven of them: each of these karanas occurs eight 
times in a month. 

69. Half the portion (bhoga) of a lunar day is established as 
that of the karanas.... 


Of the eleven karanas, four occur only once in the lunar month, 
while the other seven are repeated each of them eight times to fill out 
the remainder of the month. Their names, and the numbers of the 
half lunar days to which each is applied, are presented below : 


1. Kinstughna. Ist. 


2, Bava. and, oth, 16th, 23rd, 3oth, 37th, 44th, 5rst. 
3. Balava. 3rd, roth, 17th, 24th, 31st, 38th, 45th, 52nd. 
4. Kaulava. 4th, 11th, 18th, 25th, 32nd, 39th, 46th, 53rd. 
5. Taitila. 5th, 12th, 19th, 26th, 33rd, 4oth, 47th, 54th. 
6. Gara. 6th, 13th, 20th, 27th, 34th, 41st, 48th, 55th. 
7. Banij. 7th, 14th, 21st, 28th, 35th, 42nd, 49th, 56th. 
8. Vishti. 8th, 15th, 2and, 29th, 36th, 43rd, 5oth, 57th. 
9. Gakuni. 58th. 

10, Naga. 59th. 


11. Catushpada.  6oth. 
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Most of these names are very obscure: the last three mean “hawk,” 
“serpent,” and “quadruped.” Karena itself is, by derivation, “ factor, 
cause :” in what sense it is applied to denote hati divisions of the 
month, we do not know. Nor have we found anywhere an explanation 
of the value and use of the karanas in Hindu astronomy or astrology. 
_ The time which we have had in view in our other calculations being, 
as is shown under the preceding passage, in the first half of the eight 
lunar day, is, of course, in the fifteenth karana, which is named Vishti. 
The remaining half-verse is simply a winding-up of the chapter. 


69. .... Thus has been declared the corrected (sphuta) mo- 
tion of the sun and the other planets. 














The following chapter is styled the “chapter of the three inquiries” 
(tripragnddhikdra). According to the commentary, this means that it 
\ is intended by the teacher as a reply to his pupil’s inquiries respecting 
. the three subjects of direction (dig), place (dega), and time (kala). 
















CHAPTER III 


OF DIRECTION, PLACE, AND TIME. 


Contents :—1-6, construction of the dial, and description of its parts; 7, the 
measure of amplitude; 8, of the gnomon, hypothenuse, and shadow, any two 
being given, to find the third; 9-12, precession of the equinoxes; 12-13, the 
equinoctial shadow ; 13-14, to find, from the equinoctial shadow, the latitude and 
co-latitude ; 14-17, the sun’s declination being known, to find, from a given 
shadow at noon, his zenith-distance, the latitude, and its sine and cosine; 17, lati- 
tude being given, to find the equinoctial shadow ; 17-20, to find, from the lati- 
tude and the sun’s zenith-distance at noon, his declination and his true and mean 
longitude; 20-22, latitude and declination being given, to find the moon-shadow 
and hypothenuse ; 22-23, from the sun’s declination and the equinoctial shadow, 
to find the measure of amplitude ; 23-25, to find, from the equinoctial shadow 
and the measure of amplitude at any given time, the base of the shadow ; 25-27, 
to find the hypothenuse of the shadow when the sun is upon the prime vertical ; 
27-28, the sun’s declination and the latitude being given, to find the sine and the 
measure of amplitude ; 28-33, to find the sines of the altitude and zenith-distance 
of the sun, when upon the south-east and south-west vertical circles; 83-34, to 
find the corresponding shadow and hypothenuse ; 34-36, the sun’s ascensional dif- 

ference and the hour-angle being given, to find the sines of his altitude and zenith- 

\ distance, and the corresponding shadow and hypothenuse ; 37-39, to find, by a 

contrary process, from the shadow of a given time, the sun’s altitude and zenith- 

distance, and the hour-angle ; 40-41, the latitude and the sun’s amplitude being 
known, to find his declination and true longitude ; 41-42, to draw the path de- 

! scribed by the extremity of the shadow; 42-45, to find the arcs of right and 

oblique ascension corresponding to the several signs of the ecliptic; 46-48, the 

sun’s longitude and the time being known, to find the point of the ecliptic which 
is upon the horizon; 49. the sun’s longitude and the hour-angle being known, to 

{ find the point of the ecliptic which is upon the meridian; 50-51, determination 

of time by means of these data. 
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1. On a stony surface, made water-level, or upon hard plaster, 
made level, there draw an even circle, of a radius equal to any 
required number of the digits (angula) of the gnomon (canku). 

2. At its centre set up the gnomon, of twelve digits of the 
measure fixed upon; and where the extremity of its shadow 
touches the circle in the former and after parts of the day, 

3. There fixing two points upon the circle, and calling them 
the forenoon and afternoon points, draw midway between them, 
by means of a fish-figure (#imz), a north and south line. 

4. Midway between the north and south directions draw, by 
a fish-figure, an east and west line: and in like manner also, byt 
fish-figures (matsya) between the four cardinal directions, draw 
the intermediate directions. 

5. Draw a circumscribing square, by means of the lines going 
out from the centre; by the digits of its base-line (bhwaséira) 
projected upon that is any given shadow reckoned. 


In this passage is described the method of construction of the Hindu 
dial, if that can properly be called a dial which is without hour-lines, 
and does not give the time by simple inspection. It is, as will be at 
once remarked, a horizontal dial of the simplest character, with a verti- 
cal gnomon. This gnomon, whatever may be the length chosen for it, 
is regarded as divided into twelve equal parts called digits (angula, 
“‘finger”). The ordinary digit is one twelfth of a span (vitasti), or one 
{wenty-fourth of a cubit (hasta): if made according to this measure, 
then, the gnomon would be about nine inches long. Doubtless the first 
gnomons were of such a length, and the rules of the gnomonic science 
were constructed accordingly, “twelve” and “the gnomon” being used, 
as they are used everywhere in this treatise, as convertible terms: thus 
twelve digits became the unvarying conventional length of the staff, and 
all measurements of the shadow and its hypothenuse were made to cor- 
respond. How the digit was subdivided, we have nowhere any hint. 
In determining the directions, the same method was employed which is 
still in use; namely, that of marking the points at which the extremity 
of the shadow, before and after noon, crosses a circle described about 
the base of the gnomon; these points being, if we suppose the sun’s 
declination to have remained the same during the interval, at an equal 
distance upon either side from the meridian line. In order to bisect the 
line joining these points by another at right angles to it, which will be 
the meridian, the Hindus draw the figure which is called here the “ fish” 
(matsya or timi); that is to say, from the two extremities of the line in 
question as centres, and with a radius equal to the line itself, arcs of 
circles are described, cutting one another in two points. The lenticular 
figure formed by the two arcs is the “fish;” through the points of 
intersection, which are called (in the commentary) the “mouth” and 
“tail,” a line is drawn, which is the one required. The meridian being 
thus determined, the east and west line, and those for the intermediate 
points of directions, are laid down from it, by a repetition of the same 
process, A square (caturasra, “having four corners”) is then farther 
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described about the general centre, or about a circle drawn about that 
centre, the eastern and western sides of which are divided into digits; 
its use is, to aid in ascertaining the “ base” (bhuja) of any given shadow, 
which is the value of the latter when projected upon a north and south 
line (see below, vv. 23-25); the square is drawn, as explained by the 
commentary, in order to insure the correctness of the projection, by a 
line strictly parallel to the east and west line. 

The figure (Fig. 9) given below, under verse 7, will illustrate the form 
of the Hindu dial, as described in this age 

The term used for “ gnomon” is ganku, which means simply “ staff.” 

or the shadow, we have the common word chdyé, “shadow,” and also, 

many places, prabhé and bhd, which properly signify the very oppo- 
site of shadow, namely “light, radiance :” it is difficult to see how they 
should come to be used in this sense; so far as we are aware, they are 
applied to no other shadow than that of the gnomon. 


6. The east and west line is called the prime vertical (sama- 
mandala); it is likewise denominated the east and west hour 
circle (unmandala) and the equinoctial circle (vishuvanmandalu). 


The line drawn east and west through the base of the gnomon may 
be regarded as the line of common intersection at that point of three 
great circles, as being a diameter to each of the three, and as thus enti- 
tled to represent them all. These circles are the ones which in the last 
figure (Fig. 8, p. 232) are shown projected in their diameters ZZ’, P P’, 
and EE’; the centre C, in which the diameters intersect, is itself the 
projection of the line in question here. ZZ’ represents the prime verti- 
cal, which is styled samamandala, literally “even circle :” PP’ is the 
hour circle, or circle of declination, which passes through the east and 
west points of the observer's horizon; it is called wnmandala, “ up-cir- 
cle ”—that is to say, the circle which in the oblique sphere is elevated ; 
EE’ fipally, the equator, has the name of vishuvanmandala, or vishuvad- 
ertta, “circle of the equinoxes;” the equinoctial points themselves 
being denominated vishuvat, or vishuva, which may be rendered “ point 
of equal separation.” The same line of the dial might be regarded as 
the representative in like manner of a fourth circle, that of the horizon 
(kshitija), projected, in the figure, in SN: hence the commentary adds 
it also to the other three ; it is omitted in the text, perhaps, because it is 
represented by the whole circle drawn about the base of the gnomon, 
and not by this diameter alone. 

- The specifications of this verse, especially of the latter half of it, are 
of little practical importance in the treatise, for there hardly arises a 
case, in any of its calculations, in which the east and west axis of the 
dial comes to be taken as standing for these circles, or any one of them. 
In drawing the base (bhuja) of the shadow, indeed, it does represent the 
plane of the prime vertical (see below, under vv. 23-25); but this is 
not distinctly stated, and the name of the prime vertical (samamandala) 
occurs in only one other passage (below, v. 26): the east and west hour- 
circle (unmandala) is nowhere referred to again: and the equator, as 
will be seen under the next verse, is properly represented on the dial, 
not by its east and west axis, but by the line of the equinoctial shadow. 
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7. Draw likewise an east and west line through the extremity 
of the equinoctial shadow (vishuvadbhd) ; the interval between 
any given shadow and the line of the equinoctial shadow is de- 
nominated the measure of amplitude (agrd). 


The equinoctial shadow is defined in a subsequent passage (vv. 12, 
13); it is, as we have already had occasion to notice (under ii. 61-63), 
the shadow cast at mid-day when the sun is at either equinox—that is 
to say, when he is in the plane of the equator. Now as the equator is 
a circle of diurnal revolution, the line of intersection of its plane with 
that of the horizon will be an east and west line; and since it is also a 
great circle, that line will pass through the,centre, the place of the ob- 
server: if, therefore, we draw through the extremity of the equinoctial 
shadow a line parallel to the east and west axis of the dial, it will repre- 
sent the intersection with the dial of an equinoctial plane passing 
through the top of the gnomon, and in it will terminate the lines drawn 
through that point from any point in the Ba of the equator; and 
hence, it will also coincide with the path of the extremity of the shadow 
on the day of the equinox. Thus, let the following figure (Fig. 9) rep- 
resent the plane of the dial, NS and E W being its two axes, and 5 the 
base of the gnomon: and let the shadow cast at noon when the sun is 
upon the equator be, 
iS 5. givte laede <i ® 
be: then be is the 
equinoctial shadow, 
- QQ, ‘ drawn 

rough ¢ ap - 
lel to EW, aged 
path of the equinoc- 
tial shadow, being 
the line in which a 
ray of the sun, from 
any point in the plane 
of the equator, pass- 
ing through the top 
of the gnomon, will 
meet the face of the 
dial. In the figure 
as given, the circle 
is supposed to be described about the base of the gnomon with a radius 
of forty digits, and the graduation of the eastern and western sides of 
the circumscribing square, used in measuring the base (bhwa) of the 
shadow, is indicated: the length given to the equinoctial shadow corre- 
sponds to that which it has in the latitude of Washington. 

It is not, however, on account of the coincidence of QQ’ with the 
path of the equinoctial shadow that it is directed to be permanently 
drawn upon the dial-face: its use is to determine for any given shadow 
its agré, or measure of amplitude. Thus, let bd, bd’, bk, 61, bm, be 
shadows cast by the gnomon, under various conditions of time and dec- 
lination: then the distance from the extremity of each of them to the 
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line of the equinoctial shadow, or de, d'e, ke’, le’, me respectively, is 
denominated the agré of that shadow or of that time. 

The term agra we have translated “measure of amplitude,” because 
it does in fact represent the sine of the sun’s amplitude—understanding 
by “amplitude” the distance of the sun at rising or setting from the 
east or west point of the horizon—varying with the hypothenuse of the 
shadow, and always maintaining to that hypothenuse the fixed ratio of 
the sine of amplitude to radius. That this is so, is assumed by the text 
in its treatment of the agré, but is nowhere distinctly stated, nor is the 
commentator at the pains of demonstrating the principle. Since, how- 
ever, it is not an immediately obvious one, we will take the liberty of 

giving the proof of it. ‘ 
‘In the annexed figure (Fig. 10) let C represent the top of the gnomon, 
and let K be any given position of the sun in the heavens. From K 
draw K BY at right angles to the plane of the prime vertical, meeting that 


Fig. 10. 


plane in B’, and let the point of its intersection with the plane of the 
equator be in E’. Join KC, E’C, and B/C. Then KC is radius, and 
E’K is equal to the sine of the sun’s amplitude: for if, in the sun’s 
daily rn. on the point K is brought to the horizon, E’ B’ will disap- 
pear, K E’C will become a right angle, K C E’ will be the amplitude, 
and E’ K its sine; but, with a given declination, the value of E! K re- 
mains always the same, since it is a line drawn in a constant direction 
between two parallel planes, that of the circle of declination and that of 
the equator. Now conceive the three lines intersecting in C to be pro- 
duced until they meet the plane of the dial in 0’, e’, and & respectively ; 
these three points will be in the same straight line, being in the line of 
intersection with the horizon of the plane K B’C produced, and this 
line, 5’ &, will be at right angles to B’ 0’, since it is the line of intersec- 
tion of two planes, each of which is at right angles to the plane of the 
prime vertical, in which B’& lies. K B’ and &¥ are therefore parallel, 
and the triangles C E’ K and Ce & are similar, and ek: Ck:: E/K: CK. 
But C& is the hypothenuse of the shadow at the given time, and ¢ & is 
the agra, or measure of amplitude, since ¢e, by what was said above, is 
in the line of the equinoctial shadow; therefore meas. ampl.: hyp 
shad.::sin ampl.:R. Hence, if the declination and the latitude, which 
ether determine the sine of amplitude, be given, the measure of 
amplitude will vary with the hypothenuse of the shadow, and the 
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measure of amplitude of any given shadow will be to that of any other, 

* as the hypothenuse of the former to that of the latter. 

"The lettering of the above figure is made to correspond, as nearly as 
may be, with that of the one preceding, and also with that of the one 
given later, under verses 13 and 14, in either of which the relations of 
the problem may be farther examined. 

There are other methods of proving the constancy of the ratio borne 
by the measure of amplitude to the hypothenuse of the shadow, but we 
have chosen to give the one which seemed to us most likely to be that 
by which the Hindus themselves deduced it. Our demonstration is in 
one respect only liable to objection as representing a Hindu process— 
it is founded, namely, upon the comparison of oblique-angled triangles, . 
which elsewhere in this treatise are hardly employed at all. “till, 
although the Hindus had no methods of solving problems excepting 
in right-angled trigonometry, it is hardly to be supposed that: they re- 
frained from deriving proportions from the similarity of oblique-angled 
triangles. The principle in question admits of being proved by means 
4 right-angled triangles alone, but these would be situated in different 

anes, 

' Why the line on the dial which thus measures the sun’s — is 
called the agré, we have been unable thus far to discover. e word, 

a feminine adjective (belonging, probably, to rekhd, “line,” understood), 

literally means “extreme, first, chief.” Possibly it may be in some way 

connected with the use of antyd, “final, lowest,” to designate the line 

Eg or EG (Fig. 8, p. 232): see below, under v.35. The sine of ampli- 

tude itself, aC or AC (Fig. 8), is called below (vv. 27-30) agrajyé. 


8. The square root of the sum of the squares of the gnomon 
and shadow is the hypothenuse: if from the square of the latter 
the square of the gnomon be subtracted, the square root of the 
remainder is the shadow: the gnomon is found by the converse 
process. 





This is simply an application of the familiar rule, that in a right- 
angled triangle the square of the hypothenuse is equal to the sum of 
the squares of the other two sides, to the triangle produced by the 
gnomon as perpendicular, the shadow as base, and the hypothenuse of 
the shadow, the line drawn from the top of the gnomon to the extrem- i 
ity of the shadow, as hypothenuse. 

The subject next considered is that of the precession of the equinoxes. 


9. In an Age (yuga), the circle of the asterisms (dha) falls 
back eastward thirty score of revolutions. Of the result ob- 
tained after multiplying the sum of days (dywgana) by this num- 
ber, and dividing by the number of natural days in an Age, | 

10. Take the part which determines the sine, multiply it by 
three, and divide by ten; thus are found the degrees called those 
of the precession inet 3 From the longitude of a planet as 
corrected by these are to be calculated the declination, shadow, 
ascensional difference (caradala), etc. 
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11. The circle, as thus corrected, accords with its observed 
place at the solstice (ayana) and at either equinox; it has moved 
eastward, when the longitude of the sun, as obtained by calcu- 
lation, is less than that derived from the shadow, 

12. By the number of degrees of the difference; then, turning 
back, it has moved westward by the amount of difference, when 
the calculated longitude is greater. ... 


Nothing could well be more awkward and confused than this mode of 
stating the important fact of the precession of the equinoxes, of de- 
scribing its method and rate, and of directing how its amount at any 


. time is to be found. The theory which the passage, in its present form, 


is actually intended to put forth is as follows: the vernal equinox librates 
westward and eastward from the fixed point, near ¢ Piscium, assumed as 


the commencement of the sidereal sphere—the limits of the libratory 


movement being 27° in either direction from that point, and the time 
of a complete revolution of libration being the six-hundredth part of 
the period called the Great Age (see above, under i. 15-17), or 7200 
years; so that the annual rate of motion of the equinox is 54”. We 
will examine with some care the language in which this theory is con- 
veyed, as important results are believed to be deducible from it. 

The first half of verse 9 professes to teach the fundamental fact of the 
motion in precession. The words bhandm cakram, which we have ren- 
dered “circle of the asterisms,” i. e., the fixed zodiac, would admit of 
being translated “circle of the signs,” i.e. the movable zodiac, as 
reckoned from the actual equinox, since bha is used in this treatise in 
either sense. But our interpretation is shown to be the correct one b 
the directions given in verses 11 and 12, which teach that when the sun’s 
calculated longitude—which is his distance from the initial point of the 
fixed sphere—is less than that derived from the shadow by the process 
to be taught below (vv. 17-19)—which is his distance from the equinox 
—the circle has moved eastward, and the contrary: it is evident, then, 
that the initial point of the sphere is regarded as the movable point, 
and the equinox as the fixed one. Now this is no less strange than in- 
consistent with the usage of the rest of the treatise. Elsewhere ¢ Pis- 
cium is treated as the one established limit, from which all motion com- 
menced at the creation, and by reference to which all motion is reckoned, 
while here it is made secondary to a point of which the position among 
the stars is constantly shifting, and which hardly has higher value than 
a node, as which the Hindu astronomy in general treats it (see p. 230). 
The word used to express the motion (/ambate) is the same with that 
employed in a former passage (i. 25) to describe the eastward motion of 
the planets, and derivatives of which (as Jamba, lambana, etc.) are not 
infrequent in the astronomical language ; it means literally to “lag, hang 
back, fall behind :” here we have it farther combined with. the prefix 
pari, “about, round about,” which seems plainly to add the idea of a 
complete revolution in the retrograde direction indicated by it, and we 
have translated the line accordingly. This verse, then, contains no hint 
of a libratory movement, but rather the distinct statement of a contin- 
uous eastward revolution. It should be noticed farther, although the 
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circumstance is one of less significance, that the form in which the 
number of revolutions is stated, tringatkrtyas, “thirty twenties,” has no 
parallel in the usage of this SiddhAnta elsewhere. 

We may also mention in this connection that Bhdskara, the great 
Hindu astronomer of the twelfth century, declares in his Siddhanta- 
Ciromani (Goladh., vi. 17) that the revolutions of the equinox are given 
by the Sirya-Siddhanta as thirty in an - (see Colebrooke, As. Res., 
xii. 209, etc.; Essays, ii. 374, etc., for a full discussion of this passage 
and its bearings); thus not only ignoring the theory of libration, but 
giving a very different number of revolutions from that presented by our 
text. As regards this latter point, however, the change of a single letter 
in the modern reading (substituting tringatkrivas, “thirty times,” for 
tringalkrtyas, “thirty twenties”) would make it accord with Bhaskara’s 
statement. We shall return again to this subject. 

The number of revolutions, of whatever kind they may be, being 600 
in an Age, the position at any given time of the initial point of the 
sphere with reference to the equinox is found by a proportion, as follows: 
as the number of days in an Age is to the number of revolutions in the 
same period, so is the given “sum of days” (see above, under i. 48-51) 
to the revolutions and parts of a revolution accomplished down to the 
given time. Thus, let us find, in illustration of the process, the amount 
of precession on the first of January, 1860. Since the number of years 
elapsed before the beginning of the present Iron Age (kali yuga) is di- 
visible by 7200, it is unnecessary to make our calculation from the com- 
mencement of the present order of things: we may take the sum of 
days since the current Age began, which is (see above, under i, 53) 
1,811,945. Hence the proportion 

1,577,917,8284 ; Goorev : : 1,811,945d ; orev 248° 2! 8.9 


gives us the portion accomplished of the current revolution. Of this 
we are now directed (v. 10) to take the part which determines the sine 
(dos, or bhuja—for the origin and meaning of the phrase, see above, 
under ii. 29, 30). This direction determines the character of the motion 
as libratory. For a motion of 91°, 92°, 93°, etc., gives, by it, a preces- 
sion of 89°, 88°, 87°, etc.; so that the movable point virtually returns 
upon its own track, and, after moving 180°, has reverted to its starting- 
place. So its farther motion, from 180° to 270°, gives a precession in- 
creasing from 0° to 90° in the opposite direction; and this, again, is 
reduced to 0° by the motion from 270° to 360°. It is as if the second 
and third quadrants were folded over upon the first and fourth, so that 
the movable point can never, in any quadrant of its motion, be more 
than 90° distant from the fixed equinox. Thus, in the instance taken, 
the bhuja of 248° 2' 8”.9 is its supplement, or 68° 2’ 8.9; the first 
180° having only brought the movable point back to its original posi- 
tion, its present distance from that position is the excess over 180° 
of the arc obtained as the result of the first process. But this distance 
we are now farther directed to multiply by three and divide by ten: 
this is equivalent to reducing it to the measure of an arc of 27°, instead 
of 90°, as the quadrant of libration, since 3:10::27:90. This being 
done, we find the actual distance,of the initial point of the sphere from 
the equinox on the first of January, 1860, to be 20° 24’ 38.67. 
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The question now arises, in which direction is the precession, thus 
ascertained, to be reckoned? And here especially is brought to light 
the awkwardness and insufficiency, and even the inconsistency, of the 
process as taught in the text. Not only have we no rule given which 
furnishes us the direction, along with the amount, of the precessional 
movement, but it would even be a fair and strictly legitimate deduction 
from verse 9, that that movement is taking place at the present time in 
an opposite direction from the actual one. We have already remarked 
above that the last complete period of libratory revolution closed with 
the close of the last Brazen Age, and the process of calculation has 
shown that we are now in the third quarter of a new period, and in the 
third quadrant of the current revolution. Therefore, if the revolution 
is an eastward one, as taught in the text, oaly taking place upon a folded 
circle, so as to be made libratory, the present position of the movable 
point, ¢ Piscium, ought to be to the west of the equinox, instead of to 
the east, as it actually is. It was probably on account of this unfortu- 
nate flaw in the process, that no rule with regard to the direction was 
given, excepting the experimental one contained in verses 11 and 12, 
which, moreover, is not properly supplementary to the preceding rules, 
but rather an independent method of determining, from observation, both 
the direction and the amount of the precession. In verse 12, it may be 
remarked, in the word dvrtya, “turning back,” is found the only distinct 
intimation to be discovered in the passage of the character of the motion 
as libratory. 

We have already above (under ii. 28) hinted our suspicions that the 
phenomenon of the precession was made no account of in the original 
composition of the Sirya-Siddhanta, and that the notice taken of it by 
the treatise as it is at present is an afterthought: we will now proceed 
to expose the grounds of those suspicions. 

It is, in the first place, upon record (see Colebrooke, As. Res., xii. 215; 
Essays, ii. 380, etc.) that some of the earliest Hindu astronomers were 
ignorant of, or ignored, the periodical motion of the equinoxes; Brahma- 
gupta himself is mentioned among those whose systems took no account 
of it; it is, then, not at all impossible that the Sirya-Siddhanta, if an 
ancient work, may originally have done the same. Among the positive 
evidences to that effect, we would first direct attention to the significant 
fact that, if the verses at the head of this note were expunged, there 
would not be found, in the whole body of the treatise besides, a single 
hint of the precession. Now it is not a little difficult to suppose that a 
phenomenon of so much consequence as this, and Which enters as an 
element into so many astronomical processes, should, had it been borne 
distinctly in mind in the framing of the treatise, have been hidden away 
thus in a pair of verses, and unacknowledged elsewhere—no hint being 
given, in connection with any of the processes taught, as to whether 
the correction for precession is to be applied or not, and only the gen- 
eral directions contained in the latter half of verse 10, and ending with 
an “etc.,” being even here presented. It has much more the aspect of 
an after-thought, a correction found necessary at a date subsequent to 
the original composition, and therefore inserted, with orders to “apply 
it wherever it is required.” The place where the subject is introduced 
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looks the same way: as having to do with a revolution, as entering into 
the calculation of mean longitudes, it should have found a place where 
such matters are treated of, in the first chapter; and even in the second 
chapter, in connection with the rule for finding the declination, it would 
have been better introduced than it is here. Again, in the twelfth 
chapter, where the orbits of the heavenly bodies are given, in terms 
dependent upon their times of revolution, such an orbit is assigned to 
the asterisms (v. 88) as implies a revolution once in sixty years: it is, 
indeed, very difficult to see what can have been intended by such a revo- 
lution as this; but if the doctrine respecting the revolution of the 
asterism8 given in verse 9 of this chapter had been in the mind of the 
author of the twelfth chapter, he would hardly have added another and 
a conflicting statement respecting the same or a kindred phenomenon. 
It appears to us even to admit of question whether the adoption by the 
Hindus of the sidereal year as the unit of time does not imply a failure 
to recognize the fact that the equinox was variable. We should expect, 
at any rate, that if, at the outset, the ever-increasing discordance be- 
tween the solar and the sidereal year had been fully taken into account 
by them, they would have more thoroughly established and defined the 
relations of the two, and made the precession a more conspicuous feature 
of their general system than they appear to have done. In the con- 
struction of their cosmical periods they have reckoned by sidereal years 
only, at the same time assuming (as, for instance, above, i. 13, 14) that 
the sidereal year is composed of the two ayanas, “progresses” of the 
sun from solstice to solstice. The supposition of an after-correction 
likewise seems to furnish the most satisfactory explanation of the form 
given to the theory of the precession. The system having been first 
constructed on the assumption of the equality of the tropical and side- 
real years, when it began later te appear, too plainly to be disregarded, 
that the equinox had changed its place, the question was how to intro- 
duce the new element. Now to assign to the equinox a complete revo- 
lution would derange the whole system, acknowledging a different num- 
ber of solar from sidereal years in the chronological periods ; if, however, 
a libratory motion were assumed, the equilibrium would be maintained, 
since what the solar year lost in one part of the revolution of libration 
it would gain in another, and so the tropical and sidereal years would 
coincide, in number and in limits, in each great period. The circum- 
stance which determined the limit to be assigned to the libration we 
conceive to have been, as suggested by Bentley (Hind. Ast., p. 132), that 
the earliest recorded Hindu year had been made to begin when the sun 
entered the asterism Krttiké, or was 26° 40’ west of the point fixed 
upon as the commencement of the sidereal sphere for all time (see 
above, under i. 27), on which account it was desirable to make the arc 
of libration include the beginning of Krttika. 

Besides these considerations, drawn from the general history of the 
Hindu astronomy, and the position of the element of the precession in 
the system of the Sirya-SiddhAnta, we have still to urge the blind and 
incoherent, as well as unusual, form of statement of the phenomenon, 
as fully exposed above. There is nothing to compare with it in this 
respect in any other part of the treatise, and we are unwilling to believe 
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that in the original composition of the Siddhdnta a clearer explanation, 
and one more consistent in its method and language with those of the 
treatise generally, would not have been found for the subject. We even 
discover evidences of more than one revision of the passage. The first 
half of verse 9 so distinctly teaches, if read independently of what follows 
it, a complete revolution of the equinoxes, that, especially when taken in 
connection with Bhaskara’s statement, as cited above, it almost amounts 
to proof that the theory put forth in the Sirya-Siddhanta was at one 
time that of a complete revolution. The same conclusion is not a little 
strengthened, farther, by the impossibility of deducing from yerse 9, 
through the processes prescribed in the following verses, a true expres- 
sion for the direction of the movement at present: we can see no reason 
why, if the whole passage came from the same hand, at the same time, 
this difficulty should not have been avoided; while it is readily explain- 
able upon the supposition that the libratory theory of verse 10 was 
added as an amendment to the theory of verse 9, while at the same 
time the language of the latter was left as nearly unaltered as possible, 

There seems, accordingly, sufficient ground for suspecting that in the 
Sarya-Siddhanta, as originally constituted, no account was taken of the 
precession; that its recognition is a later interpolation, and was made 
at first in the form of a theory of complete revolution, being afterward 
altered to its present shape. Whether the statement of Bhaskara truly 
represents the earlier theory, as displayed in the Sarya-Siddhanta of his 
time, we must leave an undetermined question. The very slow rate 
assigned by it to the movement of the equinox—only 9” a year—throws 
a doubt upon the matter: but it must be borne in mind that, so far as 
we can see, the actual amount of the precession since about A. D. 570 
(see above, under i, 27) might by that first theory have been distributed 
over the whole duration of the present,Age, since B. C. 3102, 

In his-own astronomy, Bhaskara teaches the complete revolution 
of the equinoxes, giving the number of revolutions in an Aon (of 
4,320,000,000 Pin $i 199,669; this makes the time of a single revo- 
lution to be 21,635.8073 years, and the yearly rate of precession 
59”.9007. It is not to be supposed that he considered himself to have 
determined the rate with such exactness as would give precisely the odd 
number of 199,669 revolutions to the AZon; the number doubtless 
stands in some relation which we do not at present comprehend to the 
other elements of his astronomical system. Bhaskara’s own commenta- 
tors, however, reject his theory, and hold to that of a libration, which 
has been and is altogether the prevailing doctrine throughout India, and 
seems to have made its way thence into the Arabian, and even into the 
early European astronomy (see Colebrooke, as above). 

Bentley, it may be remarked here, altogether denies (Hind. Ast., p. 
130, etc.) that the libration of the equinoxes is taught in the Sarya- 
SiddhAnta, maintaining, with arrogant and unbecoming depreciation of 
those who venture to hold a different opinion, that its theory is that of 
a continuous revolution in an epicycle, of which the circumference is 
equal to 108° of the zodiac. In truth, however, Bentley’s own theory 
derives no color of support from the text of the Siddh4nta, and is besides 
in itself utterly untenable. It is not a little strange that he should not 
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have perceived that, if the precession were to be explained by a revolu- 
tion in an epicycle, its rate of increase would not be equable, but as the 
increment of the sine of the arc in the epicycle traversed by the mova- 
ble point, farther varied by the varying distance at which it would be 
seen from the centre in different parts of the revolution; and also that, 
the dimensions of the epicycle Sin 108°, the amount of precession 
would never come to equal 27°, but would, when greatest, fall short of 
18°, being determined by the radius of the epicycle. Bentley’s whole 
treatment of the passage shows a thorough misapprehension of its mean- 
ing and relations: he even commits the blunder of understanding the 
first half of verse 9 to refer to the motion of the equinox, instead of to 
that of the initial point of the sidereal sphere. 

Among the Greek astronomers, Hipparchus is regarded as the first 
who discovered the precession of the equinoxes; their rate of motion, 
however, seems not to have been confidently determined by him, 
although he pronounces it to be at any rate not less than 36” yearly. 
For a thorough discussion of the subject of the precession in Greek 
astronomy see Delambre’s History of Ancient Astronomy, ii. 247, etc. 
From the observations reported as the data whence Hipparchus made 
his discovery, Delambre deduces very nearly the true rate of the preces- 
sion. Ptolemy, however, was so unfortunate as to adopt for the true 
rate Hipparchus’s minimum, of 36” a year: the subject is treated of by 
him in the seventh book of the Syntaxis. The actual motion of the 
equinox at the present time is 50.25; its rate is slowly on the increase, 
having been, at the epoch of the Greek astronomy, somewhat less than 
50”. How the Hindus succeeded in arriving at a determination of it so 
much more accurate than was made by the great Greek astronomer, or 
whether it was anything more than a lucky hit on their part, we will 
not attempt here to discuss. 

The term by which the precession is designated in this passage is 
ayandnga, “degrees of the ayana.” The latter word is employed in 
different senses: by derivation, it means simply “going, progress,” and 
it seems to have been first introduced into the astronomical language to 
designate the half-revolutions of the sun, from solstice to solstice; these 
being called respectively (see xiv. 9) the uttardyana and dakshindyana, 
“northern progress” and “southern progress.” From this use the word 
was éranaficred t to denote also the solstices themselves, as we have trans- 
lated it in the first half of verse 11. In the latter sense we conceive 
it to be employed in the compound ayandnga ; although why the name 
of the precession should be derived from the solstice we are unable 
clearly to see. The term krdntipdtagati, “movement of the node of 
declination,” which is often met with in modern works on Hindu astron- 
omy, does not occur in the Sirya-Siddhanta. 


12.... In like manner, the equatorial shadow which is cast 
at mid-day at one’s place of observation 
18. Upon the north and south line of the dial—that is the 
equinoctial shadow (vishuvatprabhd) of that place. . . . 
The equinoctial shadow has been already sufficiently explained, in 
connection with a preceding passage (above, v. 7). In this treatise it is 
VOL. VI. 32 
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known only by names formed by combining one of the words for 
shadow (chdyd, bha, prabhd), with vishuvat, “equinox” (see above, 
under v. 6). In modern Hindu astronomy it is also called akshabhd, 
“shadow of latitude”— i. e., which determines the lativude—and pala- 
bha, of which, as used in this sense, the meaning is obscure. 


13. ... Radius, multiplied respectively by gnomon and shadow, 
and divided by the equinoctial hypothenuse, 

14, Gives the sines of co-latitude (Jamba) and of latitude 
(aksha): the corresponding arcs are co-latitude and latitude, 
always south. ... 


The proportions upon which these rules are founded are illustrated 
by the following figure (Fig. 11), in which, as in a previous figure (Fig. 
8, p. 232), ZS represents a quadrant of the meridian, Z being the zenith 
and S the south point, : 

C being the aatie hs es 
and EC the projec- 
tion of the plane of 
the equator. > order 
to illustrate the cor- 
responding relations 
of the dial, we have 
conceived the gno- 
mon, C 3, to be placed 
at the centre. Then, 
when the sun is on 
the meridian and in 
the equator, at E, the 
shadow cast, which is 
the equinoctial shad- 
ow, is be, while Ce is the corresponding hypothenuse. But, by simi- 
larity of triangles, 
Ce:be::CE:BE 
and Ce:Cb::CE:CB 
and as BE is the sine of EZ, which equals the latitude, and C B the 
sine of ES, its complement, the reduction of these proportions to the 
form of equations gives the rules of the text. 


‘14. ... The mid-day shadow is the base (bhuja); if radius be 
multiplied by that, 

15. And the product divided by the corresponding hypothe- 
nuse, the result, converted to arc, is the sun’s zenith-distance 
(nata), in minutes: this, when the base is south, is north, and 
when the base is north, is south. Of the sun’s zenith-distance 
and his declination, in minutes, 

16. Take the sum, when their direction is different—the dif- 
ference, when it is the same; the result is the latitude, in 
minutes. From this find the sine of latitude; subtract its 
— from the square of radius, and the square-root of the re- 
mainder 
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17. Is the sine of co-latitude. ... 


This passage applies to cases in which the sun is not upon the equator, 
but has a certain declination, of which the amount and direction are 
known. Then, from the shadow cast at noon, may be derived his zenith- 
distance when upon the meridian, and the latitude. Thus, supposing 
the sun, having north declination ED (Fig. 11), to be upon the meridian, 
at D: the shadow of the gnomon will be 6d, and the proportion 

Cd:db::CD:DB’”” 

gives D B’’”’, the sine of the sun’s zenith-distance, ZD, which is found 
from it by the conversion of sine into arc by a rule previously given 
(ii. 33). ZD in this case being south, and E D being north, their sum, 
EZ, is the latitude: if, the declination being south, the sun were at D’, 
the difference of ED’ and Z D/ would be EZ, the latitude. The figure 
does not give an illustration of north zenith-distance, being drawn for 
the latitude of Washington, where that is impossible. The latitude 
being thus ascertained, it is easy to find its sine and cosine: the only 
thing which deserves to be noted in the se is that, to find the co- 
sine from the sine, resort is had to the laborious method of squares, 
instead of taking from the table the sine of the complementary arc, or 
the kotyyd. 

The sun’s distance from the zenith when he is upon the meridian is 
called natés, “deflected,” an adjective belonging to the noun /iptds, “ min- 
utes,” or bhagds, angds, “ degrees.” The same term is also employed, as 
will be seen farther on (vv. 34-36), to designate the hour-angle. For 
zenith-distance off the meridian another term is used (see below, v. 33). 


17.... The sine of latitude, multiplied by twelve, and divi- 
ded by the sine of co-latitude, gives the equinoctial shadow. .. . 
That is (Fig. 11 
(6 Bh BC:BE::Cb: be , 
the value of the gnomon in digits being substituted in the rule for the 
gnomon itself. 


17.... The difference of the latitude of the place of observa- 
tion and the sun’s meridian zenith-distance in degrees (nata- 
bhdgas), if their direction be the same, or their sum, 

18. If their direction be different, is the sun’s declination: if 
the sine of this latter be multiplied by radius and divided by the 
sine of greatest declination, the result, converted to arc, will be 
re sun's longitude, if he is in the quadrant commencing with 

ries ; : 

19. If in that commencing with Cancer, subtract from a half- 
circle; if in that commencing with Libra, add a half-circle; if in 
that commencing with Capricorn, subtract from a circle: the re- 
sult, in each case, is the true (sphuta) longitude of the sun at 
mid-day. 

20. To this if the equation of the apsis (manda phala) be 
repeatedly applied, with a contrary sign, the sun’s mean longi- 
tude will be found. ... 
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This passage teaches how, when the latitude of the observer is 
known, the sun’s declination, and his true and mean longitudes, may be 
found by observing his zenith-distance at noon. The several parts of 
the process are all of them the converse of processes previously given, 
and require no explanation. To find the sun’s declination from his 
meridian zenith-distance and the latitude (reckoned as south, by v. 14), 
the rule given above, in verses 15 and 16, is inverted; the true longitude 
is found from the declination by the inversion of the method taught in 
ii, 28, account being taken of the quadrant in which the sun may be 
according to the principle of ii. 30: and finally, the mean may be de- 
rived from the true longitude by a method of successive approximation, 
applying in reverse the equation of the centre, as calculated by ii. 39. 

It is hardly necessary to remark that this is a very rough process for 
ascertaining the sun’s longitude, and could give, especially in the hands 
of Hindu observers, results only distantly approaching to accuracy. 


20.... The sum of the latitude of the place of observation 
and the sun’s declination, if their direction is the same, or, in the 
contrary case, their difference, 

21. Is the sun’s meridian zenith-distance (naténgds); of that 
find the base-sine (bahujy@) and the perpendicular-sine (kotijyd). 
If, then, the base-sine and radius be multiplied respectively by 
the measure of the gnomon in digits, 

22. And divided by the perpendicular-sine, the results are the 
shadow and hypothenuse at mid-day... . 


The problem here is to determine the length of the shadow which 
will be cast at mid-day when the sun has a ee declination, the latitude 
of the observer being also known. First, the sun’s meridian zenith-dis- 
tance is found, by a process the converse of that taught in verses 15 and 
16; then, the corresponding sine and cosine having been calculated, a 
simple proportion gives the desired result. Thus, let us suppose the sun 
to be at D’ (Fig. 11, p. 250); the sum of his south declination, ED’, 
and the north latitude, EZ, gives the zenith-distance, ZD’: its sine 
(bkujajyd) is D/ B”, and its cosine (kotijyd) is CB”, Then 

CB”: BY” D’::Cb: bd’ 
and CB” :CD'::Cb:Cd’ 
which proportions, reduced to equations, give the value of 5d’, the 
shadow, and C d', its hypothenuse. 


22.... The sine of declination, multiplied by the equinoctial 
hypothenuse, and divided by the gnomon-sine (sankwjivd), 

23. Gives, when farther multiplied by the hypothenuse of any 
given shadow, and divided by radius ted sory the sun’s 
measure of amplitude (arkigrd) corresponding to that shadow. . . 


In this passage we are taught, the declination being known, how to 
find the measure of amplitude (agré) of any given shadow, as prepara- 
tory to determining, by the next following rule, the base (bhuja) of the 
shadow, by calculation instead of measurement, The first step is to find 
the sine of the sun’s amplitude: in order to this, we compare the trian- 
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gles ABC and CEH (Fig. 13, p. 254), which are similar, since the 
angles AC B and CEH are each equal to the latitude of the observer. 


Hence EH:EC::BC:AC 
But the triangles CEH (Fig. 13) and Cbe (Fig. 11) are also similar; 
and EH:EC::Cb:Ce 


Hence, by equality of ratios, Cb:Ce:: BC: AC 

and AC, the sine of the sun’s amplitude, equals B C—which is the sine 
of declination, being equal to D F—multiplied by Ce, the equinoctial 
hypothenuse, and divided by Cb, the gnomon. The remaining part of 
the process depends upon the principle which we have demonstrated 
above, under verse 7, that the measure of amplitude is to the hypothe- 
nuse of the shadow as the sine of amplitude to radius. 

Why the gnomon is in this passage called the “ gnomon-sine,” it is 
not easy to discover. Verse 23 presents also a name for radius, madhya- 
karna, “ half-diameter,” which is not found again; nor is karna often 
employed in the sense of “diameter” in this treatise. 


28.... The sum of the equinoctial shadow and the sun’s 
measure of amplitude (arkdgra), when the sun is in the southern 
hemisphere, is the base, north ; 

24. When the sun is in the northern hemisphere, the base is 
found, if north, by subtracting the measure of amplitude from 
the equinoctial shadow; if south, by a contrary process—accord- 
ing to the direction of the interval between the end of the 
shadow and the east and west axis. 

25. The mid-day base is invariably the midday shadow... . 


We have already had occasion to notice, in connection with the first 
verses of this chapter, that the base (bhwja) of the shadow is its projec- 
tion upon a north.and south line, or the distance of its extremity from 
the east and west axis of the dial. It is that line which, as shown 
above (under vy. 7), corresponds to and represents the perpendicular let 
fall from the sun upon the plane of the prime vertical. us, if (Fig. 
11, p. 250) K, L, Dy, D be different positions of the sun—K and L 
pane. coopeined to be upon the surface of the sphere—the perpendicu- 
lars KB, LB’, D’/ B”, DB” are represented upon the dial by £8, 16, 
d'b, db, or, in Fig. 9 (p. 241), by £b, 1b’, d’d, a5 Of these, the two 
latter coincide with their respective shadows, the shadow cast at noon 
being always itself upon a north and south line. The base of any 
shadow may be found by combining its measure of. amplitude (agrdé) 
with the equinoctial shadow. When the sun is in the ®outhern hemis- 
aga as at D’ or K (Fig. 11), the measure of amplitude, ed’ or ek, is to 

added always to the equinoctial shadow, 64, in order to give the base, 
bd’ or bk. If, on the contrary, the sun’s declination be north, a differ- 
ent method of procedure will be necessary, according as he is north or 
south from the prime vertical. If he be south, as at D, the shadow, 4d, 
will be thrown northward, and the base will be found by subtracting the 
measure of amplitude, de, from the equinoctial shadow, be: if he be 
north, as at L, the extremity of the shadow, J, will be south from the 
east and west axis, and the base, 6/, will be obtained by subtracting the 
equinoctial shadow, be, from the measure of amplitude, Ze. 
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25.... Multiply the sines of co-latitude and of latitude re- 
spectively by the equinoctial shadow and by twelve, 

26. And divide by the sine of declination; the results are the 
hypothenuse when the sun is on the prime vertical (samaman- 
dala). When north declination is less than the latitude, then 
the mid-day hypothenuse (¢rava), 

27. Multiplied by the equinoctial shadow, and divided by the 
mid-day measure of amplitude (agr@), is the hypothenuse. .. . 


Here we have two separate and independent methods of finding the 
hypothenuse of the east and west shadow cast by the sun at the moment 
when he is upon the prime vertical. In connection with the second of 
the two are stated the circumstances under which alone a transit of the 
sun across the prime vertical will take place: if his declination is south, 
or if, being north, it is greater than the latitude, his diurnal revolution 
will be wholly to the south, or wholly to the north, of thag circle. 

The first method is illustrated by the following figures. Let VC” 
(Fig. 12) be an are of the prime ver- Fig. 12. 
tical, V being the point at which the 
sun crosses it in his daily revolution ; 
and let C’ be the centre; then V C’ 
is radius, and VC the sine of the 
sun’s altitude; and, C’b being the 
gnomon, 6v will be the shadow, and 
C’v its hypothenuse. But, by simi- 
larity of triangles, 

VC:VC'::C’b:C'v 

Again, in the other figure (Fig. 13)—of which the general relations 
are those of Fig. 8 Fic. 18 
(p. 232)—A D being - Aa 
the projection of the 
circle of the sun’s 
diurnal __ revolution, 
and the point at 
which it crosses the 
prime vertical being 
seen projected in V, 
V C is the sine of the 
sun’s altitude at that 
point. But CB 
and ECII are simi- 
lar triangles, the an- 
gles BV C and CEH 
being each equal to 
the latitude; hence 
VC:EC::BC:CH 

Now the first of 
these ratios is—since 
EC equals V C’, both 
being radius—the 
same with the first 
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in the former proportion; and therefore 
BC:CH::C'b:C'v 

or sin decl. : sin lat. : : gnom. : hyp. pr. vert. shad. 
but sin lat. : cos. lat. : : eq. shad. : gnom. 
therefore, by combining terms, 

sin. decl. ; cos. lat. : : eq. shad. : hyp. pr. vert. shad, 
and the reduction of the first and third of these proportions to the 
form of equations gives the rules of the text. 

The other method of finding the same quantity is an application of 
the principle demonstrated above, under verse 7, that, with a given dec- 
lination, the measure of amplitude of any shadow is to that of any other 
shadow as the hypothenuse of the former to that of the latter. Now 
when the sun is upon the prime vertical, the shadow falls directly 
eastward or directly westward, and hence its extremity lies in the east 
and west axis of the dial, and its measure of amplitude is equal to 
the equinoctial shadow. The noon measure of amplitude is, accord- 
ingly, to the hypothenuse of the noon shadow as the equinoctial shadow 
to il et of the shadow cast when the sun is upon the prime 
vertical. 


27.... If the sine of declination of a given time be multiplied 
by radius and divided by the sine of co-latitude, the result is the 
sine of amplitude (agraméurvikd). 

28. And this, being farther multiplied by the hypothenuse of 
a given shadow at that time, and divided by radius, gives the 
measure of amplitude (agr@), in digits (angula), etc.... 

The sine of the sun’s amplitude is found—his declination and the 
latitude being known—by a comparison of the similar triangles A BC 
and CEH (Fig. 13), in which 

HE:EC::BC:CA 
or cos. lat. : R:: sin. decl. : sin. ampl. 
And the proportion upon which is founded the rule in verse 28—name- 
nf that radius is to the sine of amplitude as the hypothenuse of a given 
adow to the corresponding measure of amplitude—has been demon- 
strated under verse 7, above. 


28....If from half the square of radius the square of the 
sine of amplitude (agrajyd) subtracted, and the remainder 
multiplied . twelve, 

29. And again multiplied by twelve, and then farther divided 
by the square of the equinoctial shadow increased by half the 
square of the gnomon—the result obtained by the wise 

30. Is called the “surd” (karani): this let the wise man set 
down in two places. Then multiply the equinoctial shadow by 
twelve, and again by the sine of amplitude, 

31. And divide as before: the result is styled the “fruit” 
(phala). Add its square to the “surd,” and take the square root 
of their sum; this, diminished and increased by the “ fruit,” for 
the southern and northern hemispheres, 
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82. Is the sine of altitude (canku) of the southern intermediate 
directions (vidig); and equally, whether the sun’s revolution 
take place to the south or to the north of the gnomon (ganku)— 
only, in the latter case, the sine of altitude is that of the north- 
ern intermediate directions. 

33. The square root of the difference of the squares of that 
and of radius is styled the sine of zenith-distance (dr¢.) If, then, 
the sine of zenith-distance and radius be multiplied respectively 
by twelve, and divided by the sine of altitude, 

34. The results are the shadow and hypothenuse at the angles 
(kona), under the given circumstances of time and place... . 


The method taught in this passage of finding, with a given declina- 
tion and latitude, the sine of the sun’s altitude at the moment when he 
crosses the south-east and south-west vertical circles, or when the shadow 
of the gnomon is thrown toward the angles (kona) of the circumscribing 
square of the dial, is, when stated algebraically, as follows : 

(gR*—sin®* ampl.)Xgn.* _ a 
ign.*--eq.ch® 
eq. sh. X gn. X sinampl. . . 
ign. eq. ch? 
/ surd + fruit? +- fruit = sin alt., declination being north. 
o surd + fruit? — fruit =sin alt., declination being south. 


It is at once apparent that a problem is here presented more compli- 
cated and difficult of solution than any withywhich we have heretofore 
had to do in the treatise. The commentary gives a demonstration of 
it, in which, for the first time, the notation and processes of the 
Hindu algebra are introduced, and with these we are not sufficiently 
familiar to be able to follow the course of the demonstration. The 

roblem, however, admits of solution without the aid of mathematical 
maser de of a higher character than has been displayed in the pro- 
cesses already explained; by means, namely, of the consideration of 
right-angled triangles, situated in the same plane, and capable of being 
represented by a single figure. We give below such a solution, which, 
we are persuaded, agrees in all its Fic. 14 
main features with the process by te 
h which the formulas of the text were 
i | originally deduced. 
i t+ ZEK be the south-eastern 
i circle of altitude, from the zenith, Z, 
to the horizon, K; let E be its in- 
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tersection with the equator, and D 
Hid the position of the sun; and let 
Cb represent the gnomon. 

Since ¢ is in the line of the equi- 
noctial shadow (see above, v. 7), 
) and since be makes an angle of 45° 
Lh with either axis of the dial, we 
Hy have be?=2 eq. sh.?, and Ce?= 


C b* -+-b e? = gn,?-4-2 eq. sh.? 
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In like manner, de?=2 meas. ampl.? But the similar triangles 
Cde and CDE’ give Cd?:de?::C D?:DE’?; which, by halving 
the two consequents, and observing the constant relation of Cd to the 
measure of amplitude (see above, under v. 7), gives R2 : sin ampl.? :: 
R? : 4D E’?: whence $D E’2= sin ampl.?, or D E’?=2 sin ampl.? 

Now the required sine of altitude is DG, and DG=DH+HG=— 
DH+1J. And, obviously, the triangles DHI, DIP, EFC, IJC, 
and C be are all similar. en, from D HI and C be, we derive 

DH:DI::be:Ce 
fom DIE/andCbe, DI:DE'::Cb:Ce 
and, by combining terms, DH: D E’::beXC6: Ce? 
/2. eq. sh.Xgn.X./2.sinampl. eq. sh.X gn.X sin ampl. 





whence DH= gn? + 9eq. sh? yen? [eq sh? = fruit. 
Again, from DHI and EFC, we derive 
IH?:DI?:: EF?: EC? 


fom IJC and EFC, IJ?:1C?::EF2:EC2 
whence, by adding the terms of the equal ratios, and observing that 
1H?+I1J?=J H?, and DI?+4+IC2—DC?2=EC?, we have 

J H?:; EC#:: EF2; EC? 
or JH?=EF*. Hence IJ?=J H?-I H?=EF?-I H?=E F2-D I?+DH? 
But from EF C and C be are derived 

Ce? :Cb?:: EC? : EF? 
from DIE! and Che, Ce?:Cb?::DE’?2:DI? 


EC?.Ca DE?.C8 (E C2-D E”)C8? 
—' 
whence EP=—Ga ,and DIs= ta and EF?—D P= re 


that is to say, oe - an 1 
__ (R4-2sin ampl.2)Xgn.2 —sin ampl*) Xgn2__ 
BM-DP="~gn*}teq.ch? ~~ qgn*Peqeh? 
But, as was‘shown above, I J?=E F? —D I?+-D H?=surd-+-fruit? 
and W surd+fruit? + fruit IJ-+-DH=D G=sine of altitude. 

When declination is south, so that the sun crosses the circle of alti- 
tude at D’, I H’, the equivalent of DH, is to be subtracted from I J, to 
give D/ G, the sine of altitude. 

The correctness of the Hindu formulas may likewise be briefly and 
succinctly demonstrated by means of our modern methods. Thus, let 
PZS (Fig. 15) be a spherical triangle, Fig. 15. 
of which the three angular points are | 
P, the pole, Z, the zenith, and S, the 
place of the sun when upon the south- 
east or the south-west vertical circles; 
PZ, then, is the co-latitude, ZS the i 
zenith-distance, or co-altitude, and PS 
the co-declination; and the angle PZS is 135°; the problem is, to find 
the sine of the complement of ZS, or of the sun’s altitude. By spheri- 
cal trigonometry, cos SP=cos ZS cos ZP+sin ZS sin ZP cos Z. Di- 
viding by sin ZP, and observing that cos S P~-sin Z P=sin decl.+-cos 
lat. sine of amplitude, we have sin ampl.— sin alt. tan lat.4-cos alt. cos 
135°. If, now, we represent sin ampl. by a, tan lat. by 6, cos 185° by 

33 
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—+/}, sin alt. by 2, and cos alt. by VW 1—2?, we have a?—2a6 2+-6? 22= 





a2 

4(1—2?); and, by reduction, 2?— a t= a Representing, 
«ng? 

again, sii by Z and Fs by s, and reducing, we have z= f+ 


“/f2-+s. But f is evidently the same with the “fruit,” since 6, or tan 
ab __eq.sh.xgn.Xsin.ampl. | 


$+62 ~~ 4gnom.?+eq. sh.? ~ 
$-a? _($R*=sin*ampl.) xgn.? 
4+6°” 4gnom.?+eq. sh? 

If, the latitude being north, we consider the north direction as _posi- 
tive, 6 will be positive. The value of f, given above, will then evidently 
be positive or negative as the sign of a is plus or minus. But a, the 
sine of amplitude, is positive when declination is north, and negative 
when declination is south. Hence f is to be added to or subtracted 
from the radical, according as the sun is north or south of the equator, 
as prescribed by the Hindu rule. A minus sign before the radical would 
correspond to a second passage of the sun across the south-east and 
north-west vertical circle ; which, except in a high latitude, would take 
place always below the horizon. 

The construction of the last part of verse 32 is by no means clear, yet 
we cannot question that the meaning intended to be conveyed by it is 
truly represented by our translation. When declination is greater than 
north latitude, the sun’s revolution is made wholly to the north of the 
prime vertical, and the vertical circles which he crosses are the north- 
east and the north-west. The process prescribed in the text, however, 
gives the correct value for the sine of altitude in this case also. For, 
in the triangle SZ P (Fig. 15), all the parts remain the same, excepting 
that the angle P ZS becomes 45°, instead of 135°: but the cosine of 
the former is the same as that of the latter arc, with a difference only 
of sign, which disappears in the process, the cosine being squared. 

The sine of altitude being found, that of its complement, or of zenith- 
distance, is readily derived from it by the method of squares (as above, 
in vy. 16,17). To ascertain, farther, the length of the corresponding 
shadow and of its hypothenuse, we make the proportions 

sin alt.:sin zen. dist. : : gnom. : shad. 
and sin alt. : R:: gnom. : hyp. shad. 

In this passage, as in those that follow, the sine of altitude is called 
by the same name, ganku, “staff,” which is elsewhere given to the 
gnomon: the gnomon, in fact, representing in all cases, if the hypothe- 
nuse be made radius, the sine of the sun’s altitude. The word is fre- 

uently used in this sense in the modern astronomical language: thus 
VC (Fig. 13, p. 254), the sine of the sun’s altitude when upon the 
prime vertical, is called the samamandalaganku, “ prime vertical staff,” 
and BT, the sine of altitude when the sun crosses the unmandala, or 
east and west hour-circle, is styled the wnmandalaganku: of the latter 
line, however, the Sfrya-Siddhanta makes no account. We are sur- 
prised, however, not to find a distinct name for the altitude, as for its 
complement, the zenith-distance: the sine of the latter might with very 





lat., equals eq. sh.-gnom., and therefore 





and s is also the same with the “surd,” for 
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nearly the same propriety be called the “shadow,” as that of the former 
the “gnomon.” The particular sine of altitude which is the result of 
the present process is commonly known as the konaganku, from the 
word kona, which, signifying originally “angle,” is used, in connection 
with the dial, to indicate the angles of the circumscribing square (see 
Fig. 9, p. 241), and then the directions in which those angles lie from 
the gnomon. The word itself is doubtless borrowed from the Greek 
yovla, the form given to it being that ingwhich it appears in the com- 
pounds tgiywvor (Sanskrit trikona), etc. Lest it seem strange that the 
Hindus should have derived from abroad the name for so familiar and 
elementary a quantity as an angle, we would direct attention to the 
striking fact that in that stage of their mathematical science, at least, 
which is represented by the Sirya-Siddhanta, they appear to have made 
no use whatever in their calculations of the angle: for, excepting in 
this passage (v. 34) and in the term for “square” employed in a pre- 
vious verse (v. 5) of this chapter, no word meaning “angle” is to be 
met with anywhere in the text of this treatise. The term drg¢, used to 
signify “zenith-distance”—excepting when this is measured upon the 
meridian ; see above, under vv. 14-16—means literally “ sight :” in this 
sense, it occurs here for the first time: we have had it more than once 
above with the signification of “observed place,” as distinguished from 
a position obtained by calculation. In verse 32, ganku might be under- 
stood as used in the sense of “zenith,” yet it has there, in truth, its own 
proper signification of “gnomon ;” the meaning being, that the sun, in 
the cases supposed, makes his revolution to the south or to the north of 
the gnomon itself, or in such a manner as to cast the shadow of the 
latter, at noon, northward or southward. One of the factors in the cal- 
culation is styled karant, “surd” (see Colebrooke’s Hind. Alg., p. 145), 
rather, apparently, as being a quantity of which the root is not required to 
be taken, than one of which an integral root is always impossible; or, it 
may be, as being the square of a line which is not, and cannot be, drawn. 
The term translated “fruit” (phala) is one of very frequent occurrence 
elsewhere, as denoting “ quotient, result, corrective equation,” etc. 

The form of statement and of injunction employed in verses 29 and 
30, in the phrases “the result obtained by the wise,” and “let the wise 
man set down,” etc., is so little in accordance with the style of our 
treatise elsewhere, while it is also frequent and familiar in other works 
of a kindred character, that it furnishes ground for suspicion that this 
passage, relating to the konagankzu, is a later interpolation into the body 
of the text; and the suspicion is strengthened by the fact that the pro- 
cess prescribed here is so much more complicated than those elsewhere 
presented in this chapter. 


34... . If radius be increased by the sine of ascensional differ- 
ence (cara) when declination is north, or diminished by the same, 
when declination is south, 

35. The result is the day-measure (antyd); this, diminished 
by the versed sine (uthramajyd) of the hour-angle (naéa), then 
multiplied by the day-radius and divided by radius, is the “di- 
visor” (cheda) ; the latter, again, being multiplied by the sine of 
co-latitude (lamba), and divided 
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36. By radius, gives the sine of altitude (ganku): subtract its 
sine from that of radius, and the square root of the remainder is 
the sine of zenith-distance (dr¢): the shadow and its hypothe- 
nuse are found as in the preceding process. 


The object of this process is, to find the sine of the sun’s altitude at 
any given hour of the day, when his distance from the meridian, his 
declination, and the latitude, are known. The sun’s angular distance 
from the meridian, or the houf-angle, is found, as explained by the com- 
mentary, by subtracting the time elapsed since sunrise, or which is to 
elapse before sunset, from the half day, as calculated by a rule previously 
given (ii. 61-63). From the declination and the latitude the sine of 
ascensional difference (carajy4) is supposed to have been already derived, 
by the method taught in the same passage; as also, from the declina- 
tion (by ii. 60), the radius of the diurnal circle. The successive steps 
of the process of calculation will be made clear by a reference to the 
annexed figure (Fig. 16), taken in connection with Fig. 13 (p. 254), with 
which it corresponds in dimensions and lettering. Let GG’ C’E repre- 
sent a portion of the plane of the equator, C being its centre, and GE 
its intersection with the plane of the me- Fig, 16 
ridian; and let A A’ B/ D represent a cor- ona 
responding portion of the plane of the 
diurnal circle, as seen projected upon the 
other, its centre and its line of intersection 
with the meridian coinciding with those 
of the latter. Let CG equal the sine of 
ascensional difference, and A B its corre-, 
spondent in the lesser circle, or the earth- 
sine (kujyé or kshitijyd ; see above, ii. 61). 

Now let O/ be the place of the sun at a 
given time; the angle O’C D, measured 
by the are of the equator Q’E, is the 
hour-angle: from Q’ draw Q’Q perpendic- 
ular to CE; then Q’Q is the sine, and 
QE is the versed sine, of Q’E. Add to 
radius, EC, the sine of ascensional difference, CG; their sum, EG— 
which is the equivalent, in terms of a great circle, of D A, that part of 
the diameter of the circle of diurnal revolution which is above the 
horizon, and which consequently measures the length of the day—is 
the day-measure (antyd). From EG deduct EQ, the versed sine of the 
hour-angle; the remainder, G Q, is the same quantity in terms of a great 
circle which A O is in terms of the diurnal circle: hence the reduction 
of GQ to the dimensions of the lesser circle, by the proportion 
CE:BD::GQ:AO 

gives us the value of AQ; to this the text gives the technical name of 
“divisor” (cheda). But, by Fig. 13, 

: CE:EH::A0O:OR 
hence OR, which is the sine of the sun’s altitude at the given time, 
equals A O, the “divisor,” maltiplied by EH, the cosine of latitude, and 
divided by C E, or radius. 
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The processes for deriving from the sine of altitude that of zenith- 
distance, and from both the length of the corresponding shadow and its 
hypothenuse, are precisely the same as in the last problem. 

For the meaning of antyé—which, for lack of a better term, we have 
translated “day-measure”—see above, under verse 7, The word nata, 
by which the hour-angle is designated, is the same with that employed 
above with the signification of “meridian zenith-distance ;” see the note 
to verses 14-17, 


87. If radius be multiplied by a given shadow, and divided 
by the corresponding hypothenuse, the result is the sine of 
zenith-distance (drc): the square root of the difference between 
the square of that and the square of radius 

88. Is the sine of altitude pei which, multiplied by 
radius and divided by the sine of co-latitude (lamba), gives the 
divisor” (cheda); multiply the latter by radius, and divide by 
the radius of the diurnal circle, 

39. And the quotient is the sine of the sun’s distance from the 
horizon (wnnata); this, then, being subtracted from the day- 
measure (antyd), and the remainder turned into arc by means of 
the table of versed sines, the final result is the hour-angle (nata), 
in respirations (asu), east or west. 


The process taught in these verses is precisely the converse of the 
one described in the preceding passage. The only point which calls for 


farther remark in connection with it is, that the line G Q (Fig. 16) is in 
verse 39 called the “sine of the unnata.” By this latter term is desig- 
nated the opposite of the hour-angle (nata)—that is to say, the sun’s 
angular distance from the horizon upon his own circle, O! A’, reduced to 
time, or to the measure of a great circle. Thus, when the sun is at O’, 
his hour-angle (naéa), or the time till noon, is Q’E; his distance from 
the horizon (wnnata), or the time since sunrise, is Q/G’. But GQ is 
with no propriety styled the sine of G’Q’; it is not itself a sine at all, 
and the actual sine of the arc in question would have a very different 
value. 


40. Multiply the sine of co-latitude by any given measure of 
amplitude (agr@), and divide by the corresponding hypothenuse 
in digits; the result is the sine of declination. This, again, is 
to be multiplied by radius, and divided by the sine of greatest 
declination ; 

41. The quotient, converted into are, is, in signs, etc., the sun’s 
place in the quadrant; by means of the quadrants is then found 
the actual longitude of the sun at that point.... 


By the method taught in this passage, the sun’s declination, and, 
through that, his true and mean longitude, may, the latitude of the ob- 
server being known, be found from a single observation upon the shadow 
at any hour in the day. The declination is obtained from the measure 
of amplitude and the hypothenuse of the shadow, in the following 
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manner : first, as was shown in connection with verse 7 of this chapter, 
hyp. shad. : meas. ampl.:: EC:CA (Fig. 13, p. 254) 

but EC:CA::EH:BC 

therefore hyp. shad. : meas. ampl. :: EH: BC 

BC, the sine of declination, being thus ascertained, the longitude is de- 

duced from it as in a previous process (see above, vv. 17-20). 


41.... Upon a given day, the distances of three bases, at 
noon, in the forenoon, and in the afternoon, being laid off, 

42. From the point of intersection of the lines drawn between 
them by means of two fish-figures, (matsya), and with a radius 
touching the three points, is described the path of the shadow. .. 


This method of drawing upon the face of the dial the path which 
will be described by the extremity of the shadow upon a given day pro- 
ceeds upon the assumption that that path will be an arc of a circle—an 
erroneous assumption, since, excepting within the polar circles, the path 
of the shadow is always a hyperbola, when the sun is not in the equator. 
Tn low latitudes, however, the difference between the arc of the hyper- 
bola, at any point not too far from the gnomon, and the arc of a circle, 
is so small, that it is not very surprising that the Hindus should have 
overlooked it. The path being regarded as a true circle, of course it 
can be drawn if any three points in it can be found by calculation: and 
this is not difficult, since the rules above given furnish means of ascer- 
taining, if the sun’s declination and the observer's latitude be known, 
the length of the shadow and the length of its base, or the distance of 
its extremity from the east and west axis of the dial, at different times 
during the day. One part of the process, however, has not been provi- 
ded for in the rules hitherto given. Thus (Fig. 9, p. 241), supposing 
d, m, and / to be three points in the same daily path of the shadow, we 
require, in order to lay down J and m, to know not only the bases /b", 
mb", but also the distances )6”, bb’, But these are readily found 
when the shadow and the base corresponding to each are known, or 
they may be calculated from the sines of the respective hour-angles. 

The three points being determined, the mode of describing a circle 
through them is virtually the same with that which we should employ: 
lines are drawn from the noon-point to each of the others, which are 
then, by fish-figures (see above, under vv. 1-5), bisected by other lines at 
right angles to them, and the intersection of the latter is the centre of 
the required circle. 


42.... Multiply by the day-radius of three signs, and divide 
by their own respective day-radii, 

43. In succession, the sines of one, of two, and of three signs; 
the quotients, converted into arc, being subtracted, each from the 
one following, give, beginning with Aries, the times of rising 
(udaydsavas) at Lanka; 

44, Namely sixteen hundred and seventy, seventeen hundred 
and ninety-five, and nineteen hundred and thirty-five respira- 
tions. And these, diminished each by its portion of ascensional 





iii, 45.] Stirya-Siddhénta. 263 


difference (carakhanda), as calculated for a given place, are the 
times of rising at that place. 

45. Invert them, and add their own portions of ascensional 
difference inverted, and the sums are the three signs beginning 
with Cancer: and these same six, in inverse order, are the other 
six, commencing with Libra. 


The problem here is to determine the “times of rising” (udaydsavas) 
of the different signs of the ecliptic—that is to say, the part of the 5400 
respirations (asavas) constituting a quarter of the sidereal day, which 
each of the three signs making up a quadrant of the ecliptic will occupy 
in rising (udaya) above the horizon. And in the first place, the times 
of rising at the equator, or in the right sphere—which are the equiva- 
lents of the signs in right ascension—are found as follows : 

Let ZN (Fig. 17) be a quadrant of the solstitial colure, A N the pro- 
jection upon its plane of the equinoctial colure, A Z of the equator, and 
AC of the ecliptic; and let A, T, G, and t 
C be the projections upon A C of the initial Fig. 17. 
points of the first four signs; then AT is 
the sine of one sign, or of 30°, AG of two 
signs, or of 60°, and AC, which is radius, 
the sine of three signs, or of 90°. From 
T, G, and C, draw Tt, Gg, Cc, perpendicu- 
larto AN. Then AT? and A Ce are simi- 
lar triangles, and, since AC equals radius, 

R:Ce::AT:Tt 

But the are of which T¢ is sine, is the 
same part of the circle of diurnal revolu- 
tion of which the radius is ¢¢’, as the re- 
quired ascensional equivalent of one sign is 
of the equator: hence the sine of the latter, which we may call z, is 
found by reducing T? to the measure of a great circle, which is done by 
the proportion 

tv’: R::Tt:sing 
Combining this with the preceding proportion, we have, 
tv’:Ce::AT:sine 

Again, to find the ascensional equivalent of two signs, which we will 
call y, we have first, by comparison of the triangles AGg and ACc, 

R:Ce::AG:Gg 
and g9':R::Gg:siny 
therefore, as before, gg :Cc::AG:sny 
Hence, the sines of the ascensional equivalents of one and of two signs 
respectively are equal to the sines of one and of two signs, A'T and 
AG, multiplied by the day-radius of three signs, Cc, and divided each 
by its own day-radius, ¢¢/ and gg’; and the conversion of the sines thus 
obtained into are gives the ascensional equivalents themselves. The 
rule of the text includes also the equivalent of three signs, but this is so 
obviously equal to a quadrant that it is unnecessary to draw out the 
process, all the terms in the proportions disappearing except radius. 
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Upon working out the process, by means of the table of sines given 
in the second chapter (vv. 15-22), and assuming the inclination of the 
plane of the ecliptic to be 24° (ii. 28), we find, by the rule given above 
(ii. 60), that the day-radii of one, of two, and of three sines, or ¢t’, 99’, 
Ce, are 3366’, 3216’, and 3140’ respectively, and that the sines of z and 
y are 1604’ and 2907’, to which the corresponding arcs are 27° 50’ and 
57° 45’, or 1670’ and 3465’. The former is the ascensional equivalent 
of the first sign; subtracting it from the latter gives that of the second 
sign, which is 1795’, and subtracting 3465’ from a quadrant, 5400’, 
gives the equivalent of the third sign, which is 1935’—all as stated in 
the text. 

These, then, are the periods of sidereal time which the first three 
signs of the ecliptic will occupy in rising above the horizon at the equa- 
tor, or in passing the meridian of any latitude. It is obvious that the 
same quantities, in inverse order, will be the equivalents in right ascen- 
sion of the three following signs also, and that the series of six equiva- 
lents thus found will belong also to the six signs of the other half of the 
ecliptic. In order, now, to ascertain the equivalents of the signs in 
oblique ascension, or the periods of sidereal time which they will occupy 
in rising above the horizon of a given latitude, it is necessary first to 
calculate, for that latitude, the ascensional difference (cara) of the three 
points T, G, and C (Fig. 17), which is done by the rule given in the last 
chapter (vv. 61,62). We have calculated these quantities, in the Hindu 
method, for the latitude of Washington, 38° 54’, and find the ascensional 
difference of T to be 578’, that of G 1061’, and that of C 1263’. The 
manner in which these are combined with the equivalents in right 
ascension to produce the equivalents in oblique ascension may be ex- 
plained by the following figure (Fig. 18), which, although not a true 
projection, is sufficient for the purpose Fic. 18 
of illustration. Let ACS be asemi- , S- 
circle of the ecliptic, divided into its 
successive signs, and AS a semicircle > 
of the equator, upon which A T’, T’ G’, 
etc., are the equivalents of those signs 
in right ascension; and let ¢, g, etc., be 
the points which rise simultaneously 
with T, G, etc. Then ¢T’ and vV’, the 
ascensional difference of T and V, are 
578’, 9G’ and /L’ are 1061’, and ¢C’ 
is 1263’. Then A ¢, the equivalent in 
oblique ascension of AT, equals A T’- 
tT’, or 1092’. To find, again, the value 
of tg, the second equivalent, the text 
directs to subtract from T’ G’ the differ- 
ence between ¢T’ and g@’, which is 
called the carakhanda, “portion of ascensional difference”—that is to 
say, the increment or decrement of ascensional difference at the point 
G as compared with T. Thus 

tg='T’ G/—(g@/—t T’) =’ G+ T’ -g G/=t Gg G/=1812" 
and g¢e=G’ O'—(c0’—g G’) = G! O'++9 G!—c C'=g CO! —¢ C= 1783’ 
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Farther, to find the oblique equivalents in the second quadrant, we 
are directed to invert the right equivalents, and to add to each its own 
carakhanda, decrement of ascensional difference. Thus 

el=O0'L!+ (ce O/—1L’) =c L’ -1L’/= 2187’ 

lo=L! V'+ (UL! —0 V’) =1 V'—0 V’= 2278’ 
and finally, vS=V’'S+ 0 V’= 2248’, 

It is obvious without particular explanation that the arcs of oblique 
ascension thus found as the equivalents, in a given latitude, of the first 
six signs of the ecliptic, are likewise, in inverse order, the equivalents of 
the other six. We have, then, the following table of times of risin 
(udaydsavas), for the equator and for the latitude of Washington, of al 
the divisions of the ecliptic : 


Equivalents in Right and Oblique Ascension of the Signs of the Ecliptic. 

















Sign. Equivalent | Lat. of Washington. Sign. 
in Ascens, uiv. in 

No. Name. Right Ascension,| Diff. | Obl. Ascension. Name. No, 
a ‘orp. ’ or p. or p. : s 

1.| Aries, mesha, 1670 578 1092 Pisces, mina, 12. 
2.| Taurus, vrshan, 1795 106s 1312 Aquarius, kumbha, |11. 
3. | Gemini, mithuna, 1935 1263 1733 Capricornus, makara, | 10. 
4. | Cancer, karkata, 1935 auie 2137 Sagittarius, dhanus, | 9. 
5. | Leo, sinha, 1795 578 2278 Scorpio, dli, 8. 
6. | Virgo, kanyd, 1670 2248 Libra, tuld, ¥ 



































For the expression “at Lanka,” employed in verse 43 to designate 
the equator, see above, under i, 62. 


46. From the longitude of the sun at a given time are to be 
calculated the ascensional equivalents of the parts past and to 
come of the sign in which he is: they are equal to the number 
of degrees traversed and to be traversed, multiplied by the as- 
sonia equivalent (udaydsavas) of the sign, and divided by 
thirty ; 

47. Then, from the given time, reduced to respirations, sub- 
tract the equivalent, in respirations, of the part of the sign to 
come, and also the ascensional equivalents (lagndsavas) of the 
following signs, in succession—so likewise, subtract the equiva- 
lents of the part past, and of the signs past, in inverse order; 

48. If there be a remainder, multiply it by thirty and divide 
by the equivalent of the unsubtracted sign; add the quotient, in 
degrees, to the whole signs, or subtract it from them: the result 
is the point of the ecliptic (Jagna) which is at that time upon the 
horizon (kshitija). 

49. So, from the east or west hour-angle (nata) of the sun, in 
nadis, having made a similar calculation, by means of the equiv- 

, alents in right ascension (lankodaydsavas), apply the result as an 
additive or subtractive equation to the sun’s longitude: the re- 
— : the point of the ecliptic then upon the meridian (madhya- 

gna). 
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The word dagna means literally “attached to, connected with,” and 
hence, “ corresponding, equivalent to.” It is, then, most properly, and 
likewise most usually, employed to designate the point or the arc of the 
equator which corresponds to a given point or arc of the ecliptic. In 
such a sense it occurs in this passage, in verse 47, where lagndsavas is 
precisely equivalent to udaydsavas, explained in connection with the 
next preceding passage; also below, in verse 50, and in several other 
places. In verses 48 and 49, however, it receives a different significa- 
tion, being taken to indicate the point of the ecliptic which, at a given 
time, is upon the meridian or at the horizon; the former being called 
lagnam kshitije, “ lagna at the horizon”—or, in one or two cases else- 
where, simply /agna—the other receiving the name of madhyalagna, 
“ meridian-lagna.” 

The rules by which, the sun’s longitude and the hour of the day being 
known, the points of the ecliptic at the horizon and upon the meridian 
are found, are very elliptically and obscurely stated in the text; our 
translation itself has been necessarily made in part also a paraphrase and 
explication of them. Their farther illustration may be best effected by 
means of an example, with reference to the last figure (Fig. 18). 

At a given place of observation, as Washington, let the moment of 
local time—reckoned in the usual Hindu manner, from sunrise—be 18" 
12v 3P, and let the longitude of the sun, as corrected by the precession, 
be, by calculation, 42°, or 1° 12°: it is required to know the longitude 
of the point of the ecliptic (Jagna) then upon the eastern horizon. 

Let P (Fig. 18) be the place of the sun, and HA the line of the hori- 
zon, at the given time; and let p be the point of the equator which rose 
with the sun; then the arc ph is equivalent to the time since sunrise, 
18" 12¥ 3?, or 6555. The value of tg, the equivalent in oblique ascen- 
sion of the second sign TG, in which the sun is, is given in the table 
presented at the end of the note upon the preceding passage as 1312?, 
To find the value of the part of it yg we make the proportion 

TG:PG::tg:pg 
or 30° : 18° :: 1312? : 787P 
From ph, or 6555P, we now subtract pg, 787?, and then, in succession, 
the ascensional equivalents of the following signs, GC and CL—that is, 
g¢, or 1733P, and c/, or 2137?—until there is left a remainder, /h, or 
1898?, which is less than the equivalent of the next sign. To this re- 
mainder of oblique ascension the corresponding arc of longitude is then 
found by a proportion the reverse of that formerly made, namely 
lyv:lh::LV:LH 
or 2278P : 1898P : : 30° : 25° 
The result thus obtained being added to A L, or 4*, the sum, 4* 25°, or 
145°, is the longitude of H. 

The arc pq is called in the text bhogydsavas, “the equivalent in respi- 
rations of the part of the sign to be traversed,” while ¢p is styled bhuk- 
tasavas, “the respirations of the part traversed.” 

If, on the other hand, it were desired to arrive at the same result by 
reckoning in the opposite direction from the sun to the horizon, either 
on account of the greater proximity of the two in that direction, or for 
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any other reason, the manner of proceeding would be somewhat differ- 
ent. Thus, if A H (Fig. 18) were the sun’s longitude, and p P the line 
of the eastern horizon, we should first find 4p, by subtracting the part 
of the day already elapsed from the calculated length of the day (this 
step is, in the text, omitted to be specified); from it we should then 
subtract the bhuktdsavas,lh, and then the equivalents of the signs 
through which the sun has already passed, in inverse order, until there 
remained only the part of an equivalent, yg, which would be converted 
into the corresponding arc of longitude, PG, in the same manner as 
before: and the subtraction of PG from AG would give AP, the 
longitude of the point P. 

But again, if it be required to determine the point of the ecliptic 
which is at any given time upon the meridian, the general process is the 
same as already explained, excepting that for the time from sunrise is 
substituted the time until or since noon, and also for the equivalents in 
oblique ascension those in right ascension, or, in the language of the 
text, the “times of rising at Lank&” (lankoddyasavas); since the me- 
ridian, like the equatorial horizon, cuts the equator at right angles. 

It will be observed that all these calculations assume the increments 
longitude of to be proportional to those of ascension throughout each 
sign: in a process of greater pretensions to accuracy, this would lead to 
errors of some consequence, 

The use and value of the methods here taught, and of the quantities 
found as their results, will appear in the sequel (see ch, v. 1-9; vii. 7; 
ix, 5-113 x. 2). 

The term kshitya, by which the horizon is designated, may be under- 
stood, according to the meaning attributed to kshiti (see above, under 
ii. 61-63), either as the “circle of situation”—that is, the one which is 
dependent upon the situation of the observer, varying with every change 
of place on his part—or as the “earth-circle,” the one produced by the 
intervention of the earth below the observer, or drawn by the earth 
upon the sky. Probably the latter is its true interpretation. 


50. Add together the ascensional equivalents, in respirations, 
of the part of the sign to be traversed by the point having less 
longitude, of the part traversed by that having greater longitude, 
and of the intervening signs—thus is made the ascertainment of 
time (kdlasédhana). 

51. When the longitude of the point of the ecliptic upon the 
horizon (lagna) is less than that of the sun, the time is in the 
latter part of the night; when greater, it is in the day-time; 
when greater than the longitude of the sun increased by half a 
revolution, it is after sunset. 


The process taught in these verses is, in a manner, the converse of 
that which is explained in the preceding passage, its object being to find 
the instant of local time when a given point of the ecliptic will be upon 
the horizon, the longitude of the sun being also known. Thus (Fig. 18), 
supposing the sun’s longitude, A P, to be, at a given time, 1% 12°; it is 
required to know at what time the point H, of which the longitude is 
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4° 25°, will rise. The problem, is, virtually, to ascertain the are of the 
equator intercepted between p, the point which rose with the sun, and 
h, which will rise with H, since that arc determines the time elapsed 
between sunrise and the rise of H, or the time in the day at which the 
latter will take place. In order to this, we ascertain, by a process simi- 
lar to that illustrated in connection with the last passage, the bhogyd- 
savas, “ascensional equivalent of the part of the sign to be traversed,” 
of the point having less longitude—or pg—and the bhuktdsavas, “ as- 
censional equivalent of the part traversed,” belonging to H, the point 
having greater longitude—or /A—and add the sum of both to that of 
the ascensional equivalents of the intervening whole signs, gc and cl, 
which the text calls antaralagndsavas, “ equivalent respirations of the 
interval ;” the total is, in respirations of time, corresponding to minutes 
of arc, the interval of time required: it will be found to be 6555?, or 
18" 12” 3P: and this, in the case assumed, is the time in the day at 
which the rise of H takes place: were H, on the other hand, the posi- 
tion of the sun, 18" 12% 3? would be the time before sunrise of the same 
event, and would require to be subtracted from the calculated length of 
the day to give the instant of local time. 

It is evident that the main use of this process must be to determine 
the hour at which a given planet, or a star of which the longitude is 
known, will pass the horizon, or at which its “day” (see above, ii. 59- 
63) will commence. A like method—substituting only the equiva- 
lents in right for those in oblique ascension—might be employed in 
determining at what instant of local time the complete day, ahordira, 
of any of the heavenly bodies, reckoned from transit to transit across 
the lower meridian, would commence: and this is perhaps to be re- 
— as included also in the terms of verse 50; even though the 
ollowing verse plainly has reference to the time of rising, and the word 
lagna, as used in it, means only the point upon the horizon. 

The last verse we take to be simply an obvious and convenient rule 
for determining at a glance in which part of the civil day will take 
place the rising of any given point of the ecliptic, or of a planet occu- 
pying that point. If the longitude of a planet be less than that of the 
sun, while at the same time they are not more than three signs apart— 
this and the other corresponding restrictions in point of distance are 
plainly implied in the different specifications of the verse as compared 
with one another, and are accordingly explicitly stated by the commen- 
tator—the hour when that planet comes to assume the position called 
in the text lagna, or to pass the eastern horizon, will evidently be 
between midnight and sunrise, or in the after part (esha, literally “ re- 
mainder”) of the night: if, again, it be more than three and less than 
six signs behind the sun, or, which is the same thing, more than six and 
less than nine signs in advance of him, its time of rising will be between 
sunset and midnight: if, once more, it be in advance of the sun by less 
than six signs, it will rise while the sun is above the horizon. 


The next three chapters treat of the eclipses of the sun and moon, the 
fourth being devoted to lunar eclipses, and the fifth to solar, and the 
sixth containing directions for projecting an eclipse. 
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CHAPTER IV. 


OF ECLIPSES, AND ESPECIALLY OF LUNAR ECLIPSES. 


Coytents:—1, dimensions of the sun and moon; 2-8, measurement of their apparent 
dimensions ; 4-5, measurement of the earth’s shadow; 6, conditions of the occur- 
rence of an eclipse; 7-8, ascertainment of longitude at the time of conjunction or 
of opposition; 9, causes of eclipses; 10-11, to determine whether there will be 
an eclipse, and the amount of obscuration; 12-15, to find half the time of dura 
tion of the eclipse, and half that of total obscuration; 16-17, to ascertain the 
times of contact and of separation, and, in a total eclipse, of immersion and 
emergence ; 18-21, to determine the amount of obscuration at a given time; 
22-23, to find the time corresponding to a given amount of obscuration; 24-25, 
measurement of the deflection of the ecliptic, at the point occupied by the 
eclipsed body, from an east and west line; 26, correction of the scale of projec- 
tion for difference of altitude. 


1. The diameter of the sun’s disk is six thousand five hun- 
dred yojanas; of the moon’s, four hundred and eighty. 


We shall see, in connection with the next passage, that the diameters 
of the sun and moon, as thus stated, are subject to a curious modifica- 
tion, dependent upon and representing the greater or less distance of 
those bodies from the earth; so that, in a certain sense, we have here 
only their mean diameters. These represent, however, in the Hindu 
theory—which affects to reject the supposition of other orbits than such 
as are circular, and described at equal distances about the earth—the 
true absolute dimensions of the sun and moon. 

Of the two, only that for the moon is obtained by a legitimate pro- 
cess, or presents any near approximation to the truth. The diameter of 
the earth being, as stated,above (i. 59), 1600 yojanas, that of the moon, 
480 yojanas, is .3 of it it the true value of the moon’s diameter in 
terms of the earth’s is .2716, or only about a tenth less. An estimate 
so nearly ccrrect supposes, of course, an equally correct determination 
of the moon’s horizontal parallax, distance from the earth, and mean 
apparent diameter. The Hindu valuation of the parallax may be de- 
duced from the value given just below (v. 3), of a minute on the moon’s 
orbit, as 15 yojanas. Since the moon’s horizontal parallax is equal to 
the angle subtended at her centre by the earth’s radius, and since, at 
the moon’s mean distance, 1/ of arc equals 15 yojanas, and the earth’s 
radius, 800 yojanas, would accordingly subtend an angle of 53’ 20’—the 
latter angle, 53/ 20", is, according to the system of the Sarya-Siddhanta, 
the moon’s parallax, when in the horizon and at her mean distance. 
This is considerably less than the actual value of the quantity, as deter- 
mined by modern science, namely 57” 1/; and it is practically, in the 


. calculation of solar eclipses, still farther lessened by 3’ 51”, the excess 


of the value assigned to the sun’s horizontal parallax, as we shall see 

farther on. Of the variation in the parallax, due to the varying distance 

of the moon, the Hindu system makes no account: the variation is actu- 
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ally nearly 8’, being from 53’ 48”, at the apogee, to 61/24”, at the 
perigee. 

How the amount of the parallax was determined by the Hindus—if, 
indeed, they had the instruments and the skill in observation requisite 
for making themselves an independent determination of it—we are not 
informed. It is not to be supposed, however, that an actual estimate of 
the mean horizontal parallax as precisely 53/ 20” lies at the foundation 
of the other elements which seem to rest upon it; for, in the making 
up of the artificial Hindu system, all these elements have been modified 
and adapted to one another in such a manner as to produce certain 
whole numbers as their results, and so to be of more convenient use. 

From this parallax the moon’s distance may be deduced by the pro- 
portion 

sin 53’ 20/’: R:: earth’s rad.: moon’s dist. 
or 53/4: 3438’ : : 8ooy : 51,570y 


The radius of the moon’s orbit, then, is 51,570 yojanas, or, in terms of 
the earth’s radius, 64.47. The true value of the moon’s mean distance 
is 59.96 radii of the earth. 
The farther proportion 
3438’ : 5400! : : 57,570y : 81,000y 


would give, as the value of a quadrant of the moon’s orbit, 81,000 yoja- 
nas, and, as the whole orbit, 324,000 yojanas. This is, in fact, the cir- 
cumference of the orbit assumed by the system, and stated in another 
place (xii. 85). Since, however, the moon’s distance is nowhere assumed 
as an element in any of the processes of the system, and is even directed 
(xii. 84) to be found from the circumference of the orbit by the false 
ratio of 1:/10, it is probable that it was also made no account of in 
constructing the system, and that the relations of the moon’s parallax 
and orbit were fixed by some such proportion as 
53’ 20/’ : 360° :: 8009 : 324,000y 

The moon’s orbit being 324,000 yojanas, signment of 480 yoja- 
nas as her diameter implies a itera inatioale hes apparent diameter 
at her mean distance as 32’; since 


360° : 32’ :: 324,000y : 480y 


The moon’s mean apparent diameter is actually 31/ 7”. 

In order to understand, farther, how the dimensions of the sun’s orbit 
and of the sun himself are determined by the Hindus, we have to notice 
that, the moon’s orbit being 324,000 yojanas, and her time of sidereal 
revolution 274.32167416, the amount of her mean daily motion is 
11,8589.717. The Hindu system now assumes that this is the precise 
amount of the actual mean daily motion, in space, of all the planets, 
and ascertains the dimensions of their several orbits by multiplying it 
by the periodic time of revolution of each (see below, xii, 80-90). The 
length .of the sidereal year being 3654.25875648, the sun’s orbit is, as 
stated elsewhere (xii. 86), 4,331,500 yojanas. From a quadrant of this, 
by the ratio 5400’ : 3438’, we derive the sun’s distance from the earth, 
689,430 yojanas, or 861.8 radii of the earth. This is vastly less than 
his true distance, which is about 24,000 radii. His horizontal parallax 
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is, of course, proportionally over-estimated, being made to be nearly 4’ 
(more exactly, 3/ 59”.4), instead of 8”.6, its true value, an amount so 
small that it should properly have been neglected as inappreciable. 

It is an important property of the parallaxes of the sun and moon, 
resulting from the manner in which the relative distances of the latter 
from the earth are determined, that they are to one another as the mean 
daily motions of the planets respectively : that is to say, 

53’ 20! : 3° 59!’ 2: 790’ 35" : 59/ 8’ 
Each is likewise very nearly one fifteenth of the whole mean daily 
motion, or equivalent to the amount of arc traversed by each planet in 
4 nadis; the difference being, for the moon, about 38”, for the sun, 
about 3”. We shall see that, in the calculations of the next chapter, 
these differences are neglected, and the parallax taken as equal, in each 
case, to the mean motion during 4 nadis. 

The circumference of the sun’s orbit being 4,331,500 yojanas, the 
assignment of 6500 yojanas as his diameter implies that his mean appar- 
ent diameter was considered to be 32/ 24.8; for 

360° : 32’ 24/8 : : 4,331,500y : 65007 


The true value of the sun’s apparent diameter at his mean distance is 
32’ 3”.6. 

The results arrived at by the Greek astronomers relative to the paral- 
lax, distance, and magnitude of the sun and moon are not greatly dis- 
cordant with those here presented. Hipparchus found the moon’s hori- 
zontal parallax to be 57’: Aristarchus had previously, by observation 
upon the angular distance of the sun and moon when the latter is half- 
illuminated, made their relative distances to be as 19 to 1; this gave 
Hipparchus 3’ as the sun’s parallax. Ptolemy makes the mean dis- 
tances of the sun and moon from the earth equal to 1210 and 59 radii 
of the earth, and their parallaxes 2/ 51” and 58/ 14” respectively: he 
also states the diameter of the moon, earth, and sun to be as 1,32, 184, 
while the Hindus make them as 1,34, and 1333, and their true values, 
as determined by modern science, are as 1,3%, and 4124, nearly. 


2. These diameters, each multiplied by the true motion, and 
divided by the mean motion, of its own planet, give the cor- 
rected (sphuta) diameters. If that of the sun be multiplied by 
the number of the sun’s revolutions in an Age, and divided by 
that of the moon’s, 

3. Or if it be multiplied by the moon’s orbit (kakshd), and 
divided by the sun’s orbit, the result will be its diameter upon 
the moon’s orbit: all these, divided by fifteen, give the measures 
of the diameters in minutes. 


The absolute values of the diameters of the sun and moon being 
stated in yojanas, it is required to find their apparent values, in minutes 
of arc. In order to this, they are projected upon the moon’s orbit, or 
upon a circle described about the earth at the moon’s mean distance, of 
which circle—since 324,000 —21,600—15—one minute is equivalent 
to fifteen yojanas. 
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The method of the process will be made clear by the annexed figure 
(Fig. 19). Let E be the earth’s place, EM or Em the mean distance of 


Fig. 19. 


the moon, and ES the mean distance of the sun. Let TU equal the 
sun’s diameter, 65007. But now let the sun be at the greater distance 
ES’: the part of his mean orbit which his disk will cover will no longer 
be TU, but a less quantity, ¢u, and ¢u will be to TU, or T’ U’, as ES 
to ES’. But the text is not willing to acknowledge here, any more 
than in the second chapter, an actual inequality in the distance of the 
sun from the earth at different times, even though that inequality be 
most unequivocally implied in the processes it prescribes: so, instead of 
calculating ES as well as ES, which the method of epicycles affords 
full facilities for doing, it substitutes, for the ratio of ES to ES’, the 
inverse ratio of the daily motion at the mean distance ES to that at the 
true distance ES’. The ratios, however, are not precisely equal. The 
arc am (Fig. 4, p. 211) of the eccentric circle is supposed to be trav- 
ersed by the sun or moon with a uniform velocity. If, then, the motion 
at any given point, as m, were perpendicular to Em, the apparent mo- 
tion would be inversely as the distance. But the motion at m is per- 
pendicular to em instead of Em. The resulting error, it is true, and 
especially in the case of the sun, is not very great. It may be added 
that the eccentric circle which best represents the apparent motions of 
the sun and moon in their elliptic orbits, gives much more imperfectly 
the distances and apparent diameters of those bodies. The value of tu, 
however, being thus at least approximately determined, ?¢' u/, the arc of 
the moon’s mean orbit subtended by it, is then found by the proportion 
ES: Em (or EM) :: tu: ¢/u/—excepting that here, again, for the ratio 
of the distances, ES and EM, is substituted either that of the whole 
circumferences of which they are respectively the radii, or the inverse 
ratio of the number of revolutions in a given time of the two planets, 
which, as shown in the note to the preceding passage, is the same 
thing. Having thus ascertained the value of i’ u’ in yojanas, division 
by 15 gives us the number of minutes in the arc ?/u/, or in the angle 
Ew. 

In like manner, if the moon be at less than her mean distance from 
the earth, as E M’, she will subtend an arc of her mean orbit no, greater 
than N O, her true diameter; the value of no, in yojanas and in minutes, 
is found by a method precisely similar to that already described. 

There is hardly in the whole treatise a more curious instance than 
this of the mingling together of true theory and false assumption in the 
same process, and of the concealment of the real character of a process 
by substituting other and equivalent data for its true elements, 
























iv. 5.] Stirya-Siddhdanta. 2738 





We meet for the first time, in this passage, the term employed in the 
treatise to designate a planetary orbit, namely kakshd, literally “ border, 
girdle, periphery.” The value finally obtained for the apparent diame- 
ter of the sun or moon, as later of the shadow, is styled its mdna, 
“ measure.” 

In order to furnish a practical illustration of the processes taught in 
this chapter, we have calculated in full, by the methods and elements of 
the Sarya-Siddhanta, the lunar eclipse of Feb. 6th, 1860. Rather, how- 
ever, than present the calculation piecemeal, and with its different pro- 
cesses severed from their natural connection, and arranged under the 
passages to which they severally belong, we have preferred to give it 
entire in the Appendix, whither the reader is referred for it. 


4. Multiply the earth’s diameter by the true daily motion of 
the moon, and divide by her mean motion: the result is the 
earth’s corrected diameter (séc?). The difference between the 
earth’s diameter and the corrected diameter of the sun 

5. Is to be multiplied by the moon’s mean diameter, and divi- 
ded by the sun’s mean diameter: subtract the result from the 
earth’s corrected diameter (séict), and the remainder is the diam- 
eter of the shadow; which is reduced to minutes as before. 


The method employed in this process for finding the diameter of the 
earth’s shadow upon the moon’s mean orbit may be explained by the 
aid of the following figure (Fig. 20). 

As in the last figure, let E represent the earth’s place, S and M points 
in the mean orbits of the sun and moon, and M’ the moon’s actual 
place. Let tu be the sun’s corrected diameter, or the part of his mean 
orbit which his disk at its actual distance covers, ascertained as directed 
in the preceding passage, and let F G be the earth’s diameter. Through 


Fig. 20. 


F and G draw vF f and w Gq parallel to SM, and also ¢FA and uGk: 
then h& will be the diameter of the shadow where the moon actuall 
enters it. The value of hk evidently equals fg (or FG)—(fh-+-9 ) ; 
and the value of fh-+-g k may be found by the proportion 


Fv (or ES): ¢v-+-wu (or tu—FG)::Ff(or EM) :fh+gk 
But the Hindu system provides no method of measuring the angular 


value of quantities at the distance EM’, nor does it ascertain the value 
of EM’ itself: and as, in the last process, the diameter of the moon 
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was reduced, for measurement, to its value at the distance E M’, so, to 
be made commensurate with it, all the data of this process must be 
similarly modified. That is to say, the proportion 
EM’ :EM::f9:f'9' 

—substituting, as before, the ratio of the moon’s mean to her true 
motion for that of EM’ to EM—gives /’9’, which the text calls the 
siict: the word means literally “needle, pyramid; we do not see pre- 
cisely how it comes to be employed to designate the quantity /’ 9’, and 
have translated it, for lack of a better term, and in analogy with the 
language of the text respecting the diameters of the sun and moon, 
“corrected diameter of the earth.” It is also evident that 


EM’ :fhtgk::EM:f'h’+g'k’ 
hence, substituting the latter of these ratios for the former in our first 
proportion, and inverting the middle terms, we have 

ES:EM::tu—FG:fh'+q'k’ 
Once more, now, we have a substitution of ratios, ES: EM being re- 
placed by the ratio of the sun’s mean diameter to that of the moon. 
In this there is a slight inaccuracy. The substitution proceeds upon the 
assumption that the mean apparent values of the diameters of the sun 
and moon are precisely equal, in which case, of course, their absolute 
diameters would be as their distances; but we have seen, in the note to 
the first verse of this chapter, that the moon’s mean angular diameter is 
made a little less than the sun’s, the former being 32’, the latter 32/ 24”.8, 
The error is evidently neglected as being too small to impair sensibly the 
correctness of the result obtained : it is not easy to see, however, why we 
do not have the ratio of the mean distances represented here, as in verses 
2 and 3, by that of the orbits, or by that of the revolutions in an Age 
taken inversely. The substitution being made, we have the final propor- 
tion on which the rule in the text is based, viz., the sun’s mean diameter 
is to the moon’s mean diameter as the excess of the sun’s corrected 
diameter over the actual diameter of the earth is to a quantity which, 
being subtracted from the sici, or corrected diameter of the earth, leaves 
as a remainder the diameter of the shadow as projected upon the moon’s 
mean orbit: it is expressed in yojanas, but is reduced to minutes, as 
before, by dividing by fifteen. The earth’s penumbra is not taken into 
account in the Hindu process of calculation of an eclipse. 

The lines fg, f’ 9’, etc., are treated here as if they were straight lines, 
instead of arcs of the moon’s orbit: but the inaccuracy never comes to 
be of any account practically, since the value of these lines always falls 
inside of the limits within which the Hindu methods of calculation 
recognize no difference between an arc and its sine. 


6. The earth’s shadow is distant half the signs from the sun: 
when the longitude of the moon’s node is the same with that of 
the shadow, or with that of the sun, or when it is a few degrees 
greater or less, there will be an eclipse. 


To the specifications of this verse we need to add, of course, “at the 
time of conjunction or of opposition.” 
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_ It will be noticed that no attempt is made here to define the lunar 
and solar ecliptic limits, or the distances from the moon’s node within 
which eclipses are possible. Those limits are, for the moon, nearly 12°; 
for the sun, more than 17°. 

The word used to designate “eclipse,” grahana, means literally 
“seizure”: it, with other kindred terms, to be noticed later, exhibits the 
influence of the primitive theory of eclipses, as seizures of the heavenly 
bodies by the monster Rahu. In verses 17 and 19, below, instead of 
grahana we have graha, another derivative from the same root grah or 
grabh, “ grasp, seize.” Elsewhere graha never occurs except as signifying 
“planet,” and it is the only word which the Sdrya-Siddhanta employs 
with that signification: as so used, it is an active instead of a passive 
derivative, meaning “seizer,” and its application to the planets is due 
to the astrological conception of them, as powers which “lay hold upon” 
the fates of men with their supernatural influences. 


7. The longitudes of the sun and moon, at the moment of 
the end of the day of new moon (amdvdsy4), are equal, in signs, 
etc.; at the end of the day of full moon (paurnamdst) they are 
equal in degrees, etc., at a distance of half the signs. 

8. When diminished or increased by the proper equation of 
motion for the time, past or to come, of opposition or conjunc- 
tion, they are made to agree, to minutes: the place of the node 
at the same time is treated in the contrary manner. 


The very general directions and explanations contained in verses 6, 7, 
and 9 seem out of place here in the middle of the chapter, and would 
have more properly constituted its introduction. The process prescribed 
in verse 8, also, which has for its object the determination of the longi- 
tudes of the sun, moon, and moon’s node, at the moment of opposition 
or conjunction, ought no less, it would appear, to precede the ascertain- 
ment of the true motions, and of the measures of the disks and shadow, 
already explained. Verse 8, indeed, by the lack of connection in which 
it stands, and by the obscurity of its language, furnishes a striking in- 
stance of the want of precision and intelligibility so often characteristic 
of the treatise. The subject of the verse, which requires to be supplied, 
is, “the longitudes of the sun and moon at the instant of midnight next 
preceding or following the given opposition or conjunction”; that being 
the time for which the true longitudes and motions are first calculated, 
in order to test the question of the probability of an eclipse. If there 
appears to be such a probability, the next step is to ascertain the inter- 
val between midnight and the moment of opposition or conjunction, 
past or to come: this is done by the method taught in ii. 66, or by some 
other analogous process: the instant of the occurrence of opposition or 
conjunction, in local time, counted from sunrise of the place of,observa- 
tion, must also be determined, by ascertaining the interval between mean 
and apparent midnight (ii. 46), the length of the complete day (ii. 59), 
and of its parts (ii. 60-63), etc.; the whole process is sufficiently illus- 
trated by the two examples of the calculation of eclipses given in the 
Appendix. When we have thus found the interval between midnight 
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and the moment of opposition or conjunction, verse 8 teaches us how to 
ascertain the true longitudes for that moment: it is by calculating—in 
the manner taught in i. 67, but with the true daily motions—the 
amount of motion of the sun, moon, and node during the interval, and 
applying it as a corrective equation to the longitude of each at mid- 
night, subtracting in the case of the sun and moon, and adding in the 
case of the node, if the moment was then already past; and the con- 
trary, if it was still to come. Then, if the process has been correctly 
performed, the longitudes of the sun and moon will be found to corres- 
pond, in the manner required by verse 7. 

For the days of new and full moon, and their appellations, see the 
note to ii. 66, above. The technical expression employed here, as in 
one or two other passages, to designate the “moment of opposition or 
conjunction” is parvanddyas, “nadis of the parvan,” or “time of the 
parvan in nadis, etc. :” parvan means literally “knob, joint,” and is fre- 
quently applied, as in this term, to denote a conjuncture, the moment 
that distinguishes and separates two intervals, and especially one that is 
of prominence and importance. 


9. The moon is the eclipser of the sun, coming to stand under- 
neath it, like a cloud: the moon, moving eastward, enters the 
earth’s shadow, and the latter becomes its eclipser. 


The names given to the eclipsed and eclipsing bodies are either chddya 
and, as here, chddaka, “the body to be obscured” and “the obscurer,” 
or grahya and grdhaka, “the body to be seized” and “the seizer.” 
The latter terms are akin with grahana and graha, spoken of above 
(note to v. 6), and represent the ancient theory of the phenomena, while 
the others are derived from their modern and scientific explanation, as 
given in this verse. 


10. Subtract the moon’s latitude at the time of opposition or 
conjunction from half the sum of the measures of the eclipsed 
and eclipsing bodies: whatever the remainder is, that is said to 
be the amount obscured. 

11. When that remainder is greater than the eclipsed body, 
the eclipse is total; when the contrary, it is partial; when the 
latitude is greater than the half sum, there takes place no obscu- 
ration (grdsa). 


It is sufficiently evident that when, at the moment of opposition, the 
moon’s latitude—which is the distance of her centre from the ecliptic, 
where is the centre of the shadow— is equal to the sum of the radii of 
her disk and of the shadow, the disk and the shadow will just touch one 
another; and that, on the other hand, the moon will, at the moment of 
opposition, be so far immersed in the shadow as her latitude is less than 
the sum of the radii: and so in like manner for the sun, with due allow- 
ance for parallax. The Hindu mode of reckoning the amount ecli 
is not by digits, or twelfths of the diameter of the eclipsed body, which 
method we have inherited from the Greeks, but by minutes. 
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The word grdsa, used in verse 11 for obscuration or eclipse, means 
literally “eating, devouring,” and so speaks more distinctly than any 
other term we have had of the old theory of the physical cause of 
eclipses. 


12. Divide by two the sum and difference respectively of the 
eclipsed and eclipsing bodies: from the square of each of the 
resulting quantities subtract the square of the latitude, and take 
the square roots of the two remainders. 

18. These, multiplied by sixty and divided by the difference 
of the daily motions of the sun and moon, give, in nadis, etc., 
half the duration (sthiti) of the eclipse, and half the time of total 
obscuration. 


These rules for finding the intervals of time between the moment 
of opposition or conjunction in longitude, which is regarded as the 
middle of the eclipse, and the moments of first and last contact, and, in 
a total eclipse, of the beginning and end of total obscuration, may be 
illustrated by help of the annexed figure (Fig. 21). 

Let EC L represent the ecliptic, the point C being the centre of the 
shadow, and let CD be the moon’s latitude at the moment of opposi- 


Fig. 21. 


tion; which, for the present, we will suppose to remain unchanged 
through the whole continuance of the eclipse. It is evident that the 
first contact of the moon with the shadow will take place when, in the 
triangle C AM, AC equals the moon’s distance in longitude from the 
centre of the shadow, A M her latitude, and C M the sum of her radius 
and that of the shadow. In like manner, the moon will disappear en- 
tirely within the shadow when BC equals her distance in longitude from 
the centre of the shadow, BN her latitude, and CN the difference of 
the two radii. Upon subtracting, then, the square of A M or BN from 
those of C M and CN respectively, and taking the square roots of the 
remainders, we shall have the values of AC and BC in minutes. These 
may be reduced to time by the following proportion: as the excess at 
VOL. VI. 36 
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the given time of the moon’s true motion in a day over that of the sun 
is to a day, or sixty nadis, so are AC and BC, the amounts which the 
moon has to gain in longitude upon the sun between the moments of 
contact and immersion respectively and the moment of opposition, to 
the corresponding intervals of time. 

But the process, as thus conducted, involves a serious error: the 
moon’s latitude, instead of remaining constant during the eclipse, is con- 
stantly and sensibly changing. Thus, in the figure above, of which the 
conditions are those found by the Hindu processes for the eclipse of Feb. 
6th, 1860, the moon’s path, instead of being upon the line HK, parallel 
to the ecliptic, is really upon QR. The object of the process next 
taught is to get rid of this error. 


14. Multiply the daily motions by the half-duration, in nadis, 
and divide by sixty: the result, in minutes, subtract for the time 
of contact (pragraha), and add for that of separation (moksha), 
respectively ; 

15. By the latitudes thence derived, the half-duration, and 
likewise the half-time of total obscuration, are to be calculated 
anew, and the process repeated. In the case of the node, the 
proper correction, in minutes, etc., is to be applied in the con- 
trary manner. 


This method of eliminating the error involved in the supposition of 
a constant latitude, and of obtaining another and more accurate deter- 
mination of the intervals between the moment of opposition and those 
of first and last contact, and of immersion and emergence, is by a series 
of successive approximations. For instance: A C, as already determined, 
being assumed as the interval between opposition and first contact, a 
new calculation of the moon’s longitude is made for the moment A, and, 
with this and the sum of the radii, a new value is found for AC. But 
now, as the position of A is changed, the former determination of its 
latitude is vitiated and must be made anew, and made to furnish anew 
a corrected value of AC; and so on, until the position of A is fixed 
with the degree of accuracy required. The process must be conducted 
separately, of course, for each of the four quantities affected ; since, where 
latitude is increasing, as in the case illustrated, the true values of AC 
and BC will be greater than their mean values, while GC and FC, the 
true intervals in the after part of the eclipse, will be less than AC and 
BC: and the contrary when latitude is decreasing. 

We have illustrated these processes by reference only to a lunar 
eclipse: their application to the conditions of a solar eclipse requires 
the introduction of another element, that of the parallax, and will be 
explained in the notes upon the next chapter. 

The first contact of the eclipsed and eclipsing bodies is styled in this 
passage pragraha, “seizing upon, laying hold of;” elsewhere it is also 
called grasa, “ devouring,” and sparga, “touching :” the last contact, or 
separation, is named moksha, “release, letting go.” The whole duration 
of the eclipse, from contact to separation, is the sthiti, “ stay, continu- 
ance ;” total obscuration is vimarda, “crushing out, entire destruction.” 
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16. The middle of the eclipse is to be regarded as occurring 
at the true close of the lunar day: if from that time the time of 
half-duration be subtracted, the moment of contact (grdsa) is 
found; if the same be added, the moment of separation. 

17. In like manner also, if from and to it there be subtracted 
and added, in the case of a total eclipse, the half-time of total 
obscuration, the results will be the moments called those of im- 
mersion and emergence. 


The instant of true opposition, or of apparent conjunction (see below, 
under ch. v. 9), in longitude, of the sun and moon, is to be taken as the 
middle of the eclipse, even though, owing to the motion of the moon in 
latitude, and also, in a solar eclipse, to parallax, that instant is not mid- 
way between those of contact and separation, or of immersion and 
emergence. To ascertain the moment of local time of each of these 
phases of the eclipse, we subtract and add, from and to the local time 
of opposition or conjunction, the true intervals found by the processes 
described in verses 12 to 15. 

The total disappearance of the eclipsed body within, or behind, the 
eclipsing body, is called nimiélana, literally the “closure of the eyelids, 
as in winking :” its first commencement of reappearance is styled unmi- 
lana, “ parting of the eyelids, peeping.” We translate the terms by 
“immersion” and “ emergence” respectively. 


18. If from half the duration of the eclipse any given interval 
be subtracted, and the remainder multiplied by the difference of 
the daily motions of the sun and moon, and divided by sixty, the 
result will be the perpendicular (/ot/) in minutes. 

19. In the case of an eclipse (graha) of the sun, the perpen- 
dicular in minutes is to be multiplied by the mean half-duration, 
and divided by the true (sphuta) half-duration, to give the true 
perpendicular in minutes. 

20. The latitude is the base (bhwja): the square root of the 
sum of their squares is the hypothenuse (¢crava): subtract this 
from half the sum of the measures, and the remainder is the 
amount of obscuration (grdsa) at the given time. 

21. If that time be after the middle of the eclipse, subtract 
the interval from the half-duration on the side of separation, and 
treat the remainder as before: the result is the amount remaining 
obscured on the side of separation. 


The object of the process taught in this passage is to determine the 
amount of obscuration of the eclipsed body at any given moment during 
the continuance of the eclipse. It, as well as that prescribed in the 
following passage, is a variation of that which forms the subject of verses 
12 and 13 above, being founded, like the latter, upon a consideration of 
the right-angled triangle formed by the line joining the centres of the 
eclipsed and eclipsing bodies as hypothenuse, the difference of their 
longitudes as perpendicular, and the moon’s latitude as base. And 
whereas, in the former problem, we had the base and hypothenuse given 
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to find the perpendicular, here we have the base and perpendicular given 
to find the hypothenuse. The perpendicular is furnished us in time, 
and the rule supposes it to be stated in the form of the interval between 
the given moment and that of contact or of separation: a form to 
which, of course, it may readily be reduced from any other mode of 
statement. The interval of time is reduced to its equivalent as differ- 
ence of longitude by a proportion the reverse of that given in verse 18, 
by which difference of longitude was converted into time; the moon’s 
latitude is then calculated; from the two the hypothenuse is deduced ; 
and the comparison of this with the sum of the radii gives the measure 
of the amount of. obscuration. 

Verse 21 seems altogether superfluous: it merely states the method of 
proceeding in case the time given falls anywhere between the middle and 
the end of the eclipse, as if the specifications of the preceding verses ap- 
plied only to a time occurring before the middle: whereas they are gen- 
eral in their character, and include the former case no less than the latter. 

When the eclipse is one of the sun, allowance needs to be made for 
the variation of parallax during its continuance; this is done by the 
process described in verse 19, of which the explanation will be given in 
the notes to the next chapter (vv. 14-17). 

In verse 20, for the first and only time, we have latitude called kshepa, 
instead of vikshepa, as elsewhere. In the same verse, the term employed 
for “ hypothenuse” is grava, “hearing, organ of hearing ;” this, as well 
as the kindred gravana, which is also once or twice employed, is a syno- 
nym of the ordinary term karna, which means literally “ear.” It is 
difficult to see upon what conception their employment in this significa- 
tion is founded. 


22. From half the sum of the eclipsed and eclipsing bodies 
subtract any given amount of obscuration, in minutes: from the 
square of the remainder subtract the square of the latitude at 
the time, and take the square root of their difference. 

23. The result is the perpendicular (oti) in minutes—which, 
in an eclipse of the sun, is to be multiplied by the true, and 
divided by the mean, half-duration—and this, converted into 
time by the same manner as when finding the duration of the 
eclipse, gives the time of the given amount of obscuration (grdsa). 


The conditions of this problem are precisely the same with those of 
the problem stated above, in verses 12-15, excepting that here, instead 
of requiring the instant of time when obscuration commences, or becomes 
total, we desire to know when it will be of a certain given amount. 
The solution must be, as before, by a succession of approximative steps, 
since, the time not being fixed, the corresponding latitude of the moon 
cannot be otherwise determined. 


24. Multiply the sine of the hour-angle (nata) by the sine of 
the latitude (aksha), and divide by radius: the arc correspond- 
ing to the result is the degrees of deflection (valandngds), which 
are north and south in the eastern and western hemispheres 


(kapdla) respectively. 
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25. From the position of the eclipsed body increased by three 
signs calculate the degrees of declination: add them to the de- 
grees of deflection, if of like direction; take their difference, if of 
different direction: the corresponding sine is the deflection (va- 
lana)—in digits, when divided by seventy. 


This process requires to be performed only when it is desired to pro- 
ject an eclipse. In making a projection according to the Hindu method, 
as will be seen in connection with the sixth chapter, the eclipsed body 
is represented as fixed in the centre of the figure, with a north and 
south line, and an east and west line, drawn through it. The absolute 
position of these lines upon the disk of the eclipsed body is, of course, 
all the time changing: but the change is, in the case of the sun, not 
observable, and in the case of the moon it is disregarded: the Sarya- 
Siddhanta takes no notice of the figure visible in the moon’s face as 
determining any fixed and natural directions upon her disk. It is de- 
sired to represent to the eye, by the figure drawn, where, with reference 
to the north, south, east, and west points of the moment, the contact, im- 
mersion, emergence, separation, or other phases of the eclipse, will take 
place. In order to this, it is necessary to know what is, at each given 
moment, the direction of the ecliptic, in which the motions of both 
eclipsed and eclipsing bodies are made. The east and west direction is 
represented by a small circle drawn through the eclipsed body, parallel 
to the prime vertical; the north and south direction, by a great circle 
passing through the body and through the north and south points of 
the horizon: and the direction of the ecliptic is determined by ascer- 
certaining the angular Fic. 22 
amount of its deflection te 
from the small east and 
west circle at the point 
occupied by the eclipsed 
body. Thus, in the an- 
nexed figure (Fig. 22), 
if M be the place of 
the eclipsed body upon 
the ecliptic, C L, and if 
EW be the small east 
and west circle drawn 
through M parallel with 
E’ Z, the prime vertical, then the deflection will be the angle made at M 
by CM and EM, which is equal to P’ MN, the angle made by perpen- 
diculars to the two circles drawn from their respective poles. In order 
to find the value of this angle, a double process is adopted: first, the 
angle made at M by the two small circles EM and DM, which is equiv- 
alent to PMN, is approximately determined: as this depends for its 
amount upon the observer's latitude, being nothing in a right sphere, it 
is called by the commentary déksha valana, “the deflection due to lati- 
tude :” the text calls it simply valandngds, “ degrees of deflection,” since 
it does not, like the net result of the whole operation, require to be ex- 
pressed in terms of its sine. Next, the angle made at M by the ecliptic, 

























SN eee anannrtemenmmnmeemeaet 
_ ae 































282 E. Burgess, etc., [iv. 25. 


CL, and the circle of daily revolution, DR, which angle is equal to 
PMP’, is also measured: this the commentary calls dyana valana, “the 
deflection due to the deviation of the ecliptic from the equator;” the 
text has no special name for it. The sum of these two results, or their 
difference, as the case may be, is the valana, or the deflection of the 
ecliptic from the small east and west circle at M, or the angle P’ MN. 

In explaining the method and value of these processes, we will com- 
mence with the second one, or with that by which PMP’, the dyana 
valana, is found. In the following figure (Fig. 23), let OQ be the 
equator, and ML the ecliptic, P and P’ being their respective poles. 
Let M be the point at which the amount of deflection of M L from the 
circle of diurnal revolution, D R, is sought. Let M L equal a quadrant; 
draw P’ L, cutting the equator at Q; ( 
as also P L, cutting it at B; then draw Fig. 28. 

PM and QM. Now P’ ML isa tri- 

quadrantal triangle, and hence M Q is 

a quadrant; and therefore Q is a pole 

of the circle POM, and QO is also a 

quadrant, and QM O is a right angle. 

But DR also makes right angles at M 

with PM; hence QM and DR are 

tangents to one another at M, and the 

spherical angle QML is equal to that 

which the ecliptic makes at M with the 

circle of declination, or to P MP’: and 

QML is measured by QL. The rule 

given in the text produces a result which 

is a near approach to this, although not 

entirely accordant with it excepting at the solstice and equinox, the 
points where the deflection is greatest and where it is nothing. We 
are directed to reckon forward a quadrant from the position of the 
eclipsed body—that is, from M to L, in the figure—and then to calcu- 
Jate the declination at that point, which will be the amount of deflection. 
But the declination at L is BL, and since LBQ is a right-angled 
triangle, having a right angle at B, and since LQ and LB are always 
less than quadrants, L B must be lessthan LQ. The difference between 
them, however, can never be of more than trifling amount; for, as the 
angle QL B increases, QL diminishes ; and the contrary. 

In order to show how the Hindus have arrived at a determination of 
this part of the deflection so nearly correct, and yet not quite correct, 
we will cite the commentator’s explanation of the process. He says: 
“The ‘east’ (practi) of the equator [i.e apparently, the point of the 
equator eastward toward which the small circle must be considered as 
pointing at M] is a point 90° distant from that where a circle drawn 
from the pole (dhruva) through the planet cuts the equator :” that is to 
say, it is the point Q (Fig. 23), a quadrant from O: “and the interval 
by which this is separated from the ‘east’ of the ecliptic at 90° from the 
planet, that is the dyana valana.” This is entirely correct, and would 
give us QL, the true measure of the deflection. But the commentator 
goes on farther to say that since this interval, when the planet is at the 
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solstice, is nothing, and when at the equinox is equal to the greatest 
declination, it is therefore always equal to the declination at a quadrant’s 
distance from the planet. This is, as we have seen, a false conclusion, 
and leads to an erroneous result: whether they who made the rule were 
aware of this, but deemed the process a convenient one, and its result a 
sufficiently near approximation to the truth, we will not venture to say. 

The other part of the operation, to determine the amount of deflec- 
tion of the circle of declination from the east and west small circle, is 
considerably more difficult, and the Hindu process correspondingly 
defective. We will first present the explanation of it which the com- 
mentator gives. He states the problem thus: “by whatever interval 
the directions of the equator are deflected from directions correspond- 
ing to those of the prime vertical, northward or southward, that is the 
deflection due to latitude (4ksha valana). Now then: if a movable 
circle be drawn through the pole of the prime vertical (sama) and the 
point occupied by the planet [i. e., the circle N MS, Fig. 22], then the 
interval of the ‘easts,’ at the distance of a quadrant upon each of the 
two circles, the equator and the prime vertical, from the points where 
they are respectively cut by that circle [i.e., from T and V] will be the 
deflection. .... Now when the planet is at the horizon [as at D, referred 
to E’], then that intervakis equal to the latitude [ZQ]; when the planet 
is upon the meridian (yamyottaravrtta, “ south and north circle”) [i. e., 
when it is at R, referred to Q and Z], there is no interval [as at E’]. 
Hence, by the following proportion—with a sine of the hour-angle 
which is equal to radius the sine of deflection for latitude is equal to 
the sine of latitude; then with any given sine of the hour-angle what 
is it?—a sine of latitude is found, of which the are is the required de- 
flection for latitude.” This is, in the Hindu form of statement, the 
proportion represented by the rule in verse 24, viz. R: sin lat. :: sin 
hour-angle : sin deflection. 

It seems to us very questionable, at least, whether the Hindus had 
any more rigorous demonstration than this of the process they adopted, 
or knew wherein lay the inaccuracies of the latter. These we will now 
proceed to point out. In the first place, instead of measuring the angle 
made at the point in question, M, by the two small circles, the east and 
west circle and that of daily revolution—which would be the angle 
P M N—they refer the body to the equator by a circle passing through 
the north and south points of the horizon, and measure the deflection 
of the equator from a small east and west circle at its intersection with 
that cirele—which is the angle PTN. Or, if we suppose that, in the 
process formerly explained, no regard was had to the circle of daily 
revolution, D R, the intention being to measure the difference in direc- 
tion of the ecliptic at M and the equator at O, then the two parts of 
the process are inconsistent in this, that the one takes as its equatorial 
point of measurement O, and the other T, at which two points the 
direction of the equator is different. But neither is the value of PTN 
correctly found. For, in the spherical triangle P NT, to find the angle 
at T, we should make the proportion 


sin PT (or R): sin PN::sin PNT: sin PTN 
But, as the third term in this proportion, the Hindus introduce the sine 
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of the hour-angle, ZPM or MPN, although with a certain modifica- 
tion which the commentary prescribes, and which makes of it some- 
thing very near the angle TPN. The text says simply natajyd, “the 
sine of the hour-angle” (for naia, see notes to iii. 34-36, and 14-16), 
but the commentary specifies that, to find the desired angle in degrees, 
we must multiply the hour-angle in time by 90, and divide by the half- 
day of the planet. This is equivalent to making a quadrant of that 
part of the circle of diurnal revolution which is between the horizon 
and the meridian, or to measuring distances upon DR as if they were 
proportional parts of E’Q. To make the Hindu process correct, the 
roduct of this modification should be the angle P NT, with which, 
owever, it only coincides at the horizon, where both TP N and TNP 
ome right-angles, and at the meridian, where both are reduced to 
nullity. e error is closely analogous to that involved in the former 
process, and is of slight account when latitude is small, as is also the 
error in substituting T for O or M when neither the latitude nor the 
declination is great. 

The direction of the ecliptic deflection (4yana valana) is the same, 
evidently, with that of the declination a quadrant eastward from the 
point in question ; thus, in the case illustrated by the figure, it is south. 
The direction of the equatorial deflection (4ksha@valana) depends upon 
the position of the point considered with reference to the meridian, 
being—in northern latitudes, which alone the Hindu system contem- 
plates—north when that point is east of the meridian, and south when 
west of it, as specified in verse 24: since, for instance, E’ being the 
east point of the horizon, the equator at any point between E’ and Q 
points, eastward, toward a point north of the prime vertical. In the 
case for which the figure is drawn, then, the difference of the two would 
be the finally resulting deflection. Since, in making the projection of 
the eclipse, it is laid off as a straight line (see the illustration given in 
connection with chapter vi), it must be reduced to its value as a sine ; 
and moreover, since it is laid down in a circle of which the radius is 
49 digits (see below, vi. 2), or in which one digit equals 70’—for 
3438’+-49 == 70’, nearly—that sine is reduced to its value in digits by 
dividing it by 70. 

The general subject of this passage, the determination of directions 
during an eclipse, for the purpose of establishing the positions, upon the 
disk of the eclipsed body, of the points of contact, immersion, emerg- 
ence, and separation, also engaged the attention of the Greeks; Ptolemy 
devotes to it the eleventh and twelfth chapters of the sixth book of his 
Syntaxis: his rere of directions, however, and consequently 
his method of calculation also, are different from those here exposed. 


26. To the altitude in time (unnata) add a day and a half, and 
divide by a half-day; by the quotient divide the latitudes and 
the disks; the results are the measures of those quantities in 
digits (angula). 


By this process due account is taken, in the projection of an eclipse, 
of the — increase in magnitude of the heavenly bodies hen 
near the horizon. The theory lying at the foundation of the rule is this : 
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that three minutes of arc at the horizon, and four at the zenith, are 
equal to a digit, the difference between the two, or the excess above 
three minutes of the equivalent of a digit at the zenith, being one 
minute. To ascertain, then, what will be, at any given altitude, the 
excess above three minutes of the equivalent of a digit, we ought prop- 
erly, according to the commentary, to make the proportion 
R: 1’: : sin altitude : corresp. excess 
Since, however, it would be a long and tedious process to find the alti- 
tude and its sine, another and approximative proportion is substituted 
for this “by the blessed Sun,” as the commentary phrases it, “through 
compassion for mankind, and out of regard to the very slight difference 
between the two.” It is assumed that the scale of four minutes to the 
digit will be always the true one at the noon of the planet in question, 
or whenever it crosses the meridian, although not at the zenith; and so 
likewise, that the relation of the altitude to 90° may be measured by 
that of the time since rising or until setting (wnnata—see above, iil. 
37-39) to a half-day. Hence the proportion becomes 
half-day : 1’: : altitude in time : corresp. excefli 
alt. in time 
half-day‘ 
Adding, now, the three minutes, and bringing them into the fractional 
expression, we have 


and the excess of the digital equivalent above 3’ equals 


alt. in time + 3 half-days 


equiv. of digit in minutes at given time = half-day 





The title of the fourth chapter is candragrahanddhikéra, “ chapter of 
lunar eclipses,” as that of the fifth is stryayrahunddhikdra, “ chapter of 
solar eclipses.” In truth, however, the processes and explanations of 
this chapter apply not less to solar than to lunar eclipses, while the next 
treats only of parallax, as entering into the calculation of a solar eclipse. 
We have taken the liberty, therefore, of modifying accordingly the 
headings which we have prefixed to the chapters. 





CHAPTER V. 
OF PARALLAX IN A SOLAR ECLIPSE. 


Contents :—1, when there is no parallax in longitude, or no parallax in latitude; 
2, causes of parallax; 8, to find the orient-sine; 4-5, the meridian-sine; 5-7, and 
the sines of ecliptic zenith-distance and altitude ; 7-8, to find the amount, in time, 
of the parallax in longitude; 9, its application in determining the moment of 
apparent conjunction; 10-11, to find the amount, in are, of the parallax in lati- 
tude ; 12-13, its application in calculating an eclipse; 14-17, application of the 
parallax in longitude in determining the moments of contact, of separation, etc. 


1. When the sun’s place is coincident with the meridian 
ecliptic-point (madhyalagna), there takes place no parallax in 
VOL. VI. 37 
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longitude (harija): farther, when terrestrial latitude (aksha) and 
north declination of the meridian ecliptic-point (madhyabha) are 
the same, there takes place no parallax in latitude (avanatt). 


The latter of these specifications is entirely accurate : when the north 
declination of that point of the ecliptic which is at the moment upon 
the meridian (madhyalagna ; see iii. 49) is equal to the observer’s lati- 
tude—regarded by the Hindus as always north—the ecliptic itself 
passes through the zenith, and becomes a vertical circle ; of course, then, 
the effect of parallax would be only to depress the body in that circle, 
not to throw it out of it. The other is less exact: when the sun is 
upon the meridian, there is, indeed, no parallax in right ascension, but 
there is parallax in longitude, unless the ecliptic is also bisected by the 
meridian. Here, as below, in verses 8 and 9, the text commits the 
inaccuracy of substituting the meridian ecliptic-point (L in Fig. 26) for 
the central or highest point of the ecliptic (B in the same figure). The 
latter point, although we are taught below (vv. 5-7) to calculate the sine 
and cosine ole zenith-distance, is not once distinctly mentioned in the 
text; the commentary calls it tribhonalagna, “the orient ecliptic-point 
(lagna—see above, iii. 46-48: it is the point C in Fig. 26) less three 
signs.” The commentary points out this inaccuracy on the part of the text. 

In order to illustrate the Hindu method of looking at the subject of 
parallax, we make the following citation from the general exposition of 
it given by the commentator under this verse: “ At the end of the day 
of new moon (amdvdésyd) the sun and moon have the same longitude; 
if, now, the moon has no latitude, then a line drawn from the earth’s 

centre [C in the accompanying 

Fly, 86 figure] to the sun’s place [S] just 

Z. touches the moon [M]: hence, 

at the centre, the moon becomes 

an eclipsing, and the sun an 

eclipsed, body. Since, however, 

men are not at the earth’s centre, 

(garbha, “ womb”) but upon the 

earth’s surface (prshtha, “ back”), 

a line drawn from the earth’s 

surface [B] up tothe sun does 

not just touch the moon; but it 

cuts the moon’s sphere above the 

point occupied by the moon [at 

m], and when the moon arrives 

at this point, then is she at the 

earth’s surface the eclipser of 

the sun. But when the sun is at 

the zenith (khamadhya, “ mid- 

heaven”), then the lines drawn up to the sun from the earth’s centre 

and surface, being one and the same, touch the moon, and so the moon 

becomes an eclipsing body at the end of the day of new moon. Hence, 

too, the interval [M m] of the lines from the earth’s centre and surface 
is the parallax (lambana).” 





v. 1] Stirya-Siddhdnta. 287 


It is evident from this explication how far the Hindu view of parallax 
is coincident with our own. The principle is the same, but its applica- 
tion is somewhat different. Instead of taking the parallax absolutely, 
determining that for the sun, which is BSC, and that for the moon, 
which is B MC, the Hindus look at the subject practically, as it must be 
taken account of in the calculation of an eclipse, and calculate only the 
lifference of the two parallaxes, which is m BM, or, what is virtually 
she same thing, MC m. The Sarya-Siddhanta, however, as we shall see 
aereafter more plainly, takes no account of any case in which the line 
OS would not pass through M, that is to say, the moon’s latitude is 
neglected, and her parallax calculated as if she were in the ecliptic. 

We cite farther from the commentary, in illustration of the resolution 
of the parallax into parallax in longitude and parallax in latitude. 

“Now by how many degrees, measured on the moon’s sphere (gola), 
the line drawn from the earth’s surface up to the sun cuts the moon's 
vertical circle (drgurtta) above the point occupied by the moon—this is, 
when the vertical circle and the ecliptic coincide, the moon’s parallax in 
longitude (lambana). But when the ecliptic deviates from a vertical 
circle, then, to the point where the line from the earth’s surface cuts the 
moon’s sphere on the moon’s vertical circle above the moon [i. e., to m, 

Fic. 25 Fig. 25], draw through the pole 
nS of the ecliptic (kadamba) a cir- 
cle [P’ mn’] north and south to 
the ecliptic on the moon’s sphere 
[Mn’]: and then the east and 
west interval ea n'| on the eclip- 
tic between the point occupied 
by the moon [M] and the point 
where the circle as drawn cuts 
the ecliptic on the moon’s sphere 
[n’] is the moon’s true (sphuta) 
parallax in longitude, in minutes, and is the perpendicular (oft), And 
since the moon moves along with the ecliptic, the north and south inter- 
val, upon the circle we have drawn, between the ecliptie and the vertical 
circle [m n‘] is, in minutes, the parallax in latitude (nati); which is the 
base (bhuja). The interval, in minutes, on the vertical circle [Z A], 
between the lines from the earth’s centre and surface [mM], is*the ver- 
tical parallax (drglambana), and the hypothenuse.” 

The conception here presented, it will be noticed, is that the moon’s 
path, or the “ecliptic on the moon’s sphere,” is depressed away from 
CL, which might be called the “ecliptic on the sun’s sphere,” to an 
amount measured as latitude by mn’, and as longitude by n‘M. To 
our apprehension, mn M, rather than mn’ M, would be the triangle of 
resolution: the two are virtually equal. 

The commentary then goes on farther to explain that when the ver- 
tical circle and the secondary to the ecliptic coincide, the parallax in 
longitude disappears, the whole vertical parallax becoming parallax in 
latitude: and again, when the vertical circle and the ecliptic coincide, 
the parallax in latitude disappears, the whole vertical parallax becoming 
parallax in longitude, 
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The term uniformly employed by the commentary, and more usually 
by the text, to express parallax in longitude, namely /ambana, is from 
the same root which we have already more than once had occasion to 
notice (see above, under i. 25, 60), and means literally “ hanging down- 
ward.” In this verse, as once or twice later (vv. 14, 16), the text uses 
harija, which the commentary explains as equivalent to kshitija, “ pro- 
duced by the earth :” this does not seem very plausible, but we have 
nothing better to suggest. For parallax in latitude the text presents 
only the term avanati, “bending downward, depression :” the commen- 
tary always substitutes for it nati, which has nearly the same sense, and 
is the customary modern term. 


2. How parallax in latitude arises by reason of the difference 
of place (dega) and time (kdla), and also parallax in longitude 
(lambana) from direction (dig) eastward or the contrary—that is 
now to be explained. 


This distribution of the three elements of direction, place, and time, 
as causes respectively of parallax in longitude and in latitude, is some- 
what arbitrary. The verse is to be taken, however, rather as a general 
introduction to the subject of the chapter, than as a systematic state- 
ment of the causes of parallax. 


3. Calculate, by the equivalents in oblique ascension (udayéd- 
savas) of the observer’s place, the orient ecliptic-point (lagna) for 
the moment of conjunction (parvavinddyas): multiply the sine 
of its longitude by the sine of greatest declination, and divide 
by the sine of co-latitude (Jamba): the result is the quantity 
known as the orient-sine (udaya). 


The object of this first step in the rather tedious operation of calcu- 
lating the parallax is to find for a given moment—here the moment of 
true conjunction—the sine of amplitude of that point of the ecliptic 
which is then upon the eastern horizon. In the first place the longitude 
of that point (/agna) is determined, by the data and methods taught 
above, in iii. 46-48, and which are sufficiently explained in the note to 
that passage: then its sine of amplitude is found, by a process which is 
a combination of that for finding the declination from the longitude, 
and that for finding the amplitude from the declination. Thus, by ii. 28, 

R: sin gr. decl. : : sin long. : sin decl. 
and, by iii. 22-23, 
sin co-lat.: R::sin decl. : sin ampl. 
Hence, by combining terms, we have 
sin co-lat.: sin gr. decl. :: sin long. : sin ampl. 

This sine of amplitude receives the technical name of udaya, or 
udayajy4: the literal meaning of udaya is simply “ rising.” 

4. Then, by means of the equivalents in right ascension 
(lankodaydsavas), find the ecliptic point (lagna) called that of the 
meridian (madhya): of the declination of that point and the lati- 
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tude of the observer take the sum, when their direction is the 
same; otherwise, take their difference. 

5. The result is the meridian zenith-distance, in degrees (natén- 
gas): its sine is denominated the meridian-sine (madhyajyd). . . . 


The accompanying figure (Fig. 26) will assist the comprehension of 
this and the following prggesses. Let NES W be a horizontal plane, 


; NS the projection upon it of 

Fig. 26. the meridian, and E W that 
of the prime vertical, Z bein 

the zenith. Let CLT be the 

ecliptic. Then C is the orient 

ecliptic-point (lagna), and C 

D the sine of its amplitude 

(udayajyd), found by the last 

process. The meridian ecliptic 

point (madhyulagna) is L: it 

is ascertained by the method 

prescribed in iii. 49, above. 

Its distance from the zenith 

is found from its declination 

and the latitude of the place 

of observation, as taught in 

iii, 20-22; and the sine of 

that distance, by which, in 

the figure, it is seen projected, 

is ZL: it is called by the technical name madhyajyd, which we have 

translated “ meridian-sine.” 


5.... Multiply the meridian-sine by the orient-sine, and divide 
by radius: square the result, 

6. And subtract it from the square of the meridian-sine: the 
square root of the remainder is the sine of ecliptic zenith-distance 
(crkkshepa); the square root of the difference of the squares of 
that and radius is the sine of ecliptic-altitude (drggati). 


Here we are taught how to find the sines of the zenith-distgnce and 
altitude respectively of that point of the ecliptic which has greatest alti- 
tude, or is nearest to the zenith, and which is also the central point 
of the portion of the ecliptic above the horizon: it is called by the 
commentary, as already noticed (see note to v. 1), tribhonalagna. Thus, 
in the last figure, if Q R be the vertical circle passing through the pole 
of the ecliptic, P’, and cutting the ecliptic, CT, in B, B is the central 
ecliptic-point (tribhonalagna), and the arcs seen projected in ZB and 
BR are its zenith-distance and altitude respectively. In order, now, to 
find the sine of ZB, we first find that of BL, and by the following pro- 
cess. CD is the orient-sine, already found. But since CZ and CP’ 
are quadrants, C is a pole of the vertical circle QR, and CR is a quad- 
rant. ES is also a quadrant: take away their common part CS, and 
CE remains equal to SR, and the sine of the latter, SO, is equal to 
that of the former, C D, the “ orient-sine.” Now, then, ZBL is treated 
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as if it were a plane horizontal triangle, and similar to ZOS, and the 
proportion is made 

ZS:SO:ZL:BL 
or R : or.-sine : : mer.-sine : B L 

This is so far a correct process, that it gives the true sine of the are 
BL: for, by spherical trigonometry, in the spherical triangle ZBL, 
right-angled at B, 

sin ZBL: sin BZL:: sin are ZL: sin are BL 
or R:S0O::ZL:sn BL 

But.the third side of a plane right-angled triangle of which the sines 
of the ares ZB and ZL are hypothenuse and perpendicular, is not the 
sine of BL. If we conceive the two former sines to be drawn from Z, 
meeting in 6 and 7 respectively the lines drawn from B and L to the 
centre, then the line joining 5/ will be the third side, being plainly less 
than sin BL. Hence, on subtracting sin? BL from sin*Z L, and taking 
the square root of the remainder, we obtain, not sin ZB, but a less quan- 
tity, which may readily be shown, by spherical trigonometry, to be 
sinZBeosBL. The value, then, of the sine of ecliptic zenith-distance 
(drkkshepa) as determined by this process, is always less than the truth, 
and as the corresponding cosine (drggati) is found by subtracting the 
square of the sine from that of radius, and taking the square root of the 
remainder, its value is always proportionally greater than the truth. This 
inaccuracy is noticed by the commentator, who points out correctly its 
reason and nature: probably it was also known to those who framed the 
rule, but disregarded, as not sufficient to vitiate the general character of 
the process: and it may, indeed, well enough pass unnoticed among 
all the other inaccuracies involved in the Hindu calculations of the 
parallax. 

As regards the terms employed to express the sines of ecliptic zenith- 
distance and altitude, we have already met with the first member of each 
compound, dr¢, literally “sight,” in other connected uses: as in drgjyé, 
“sine of zenith-distance” (see above, iii. 33), drgurtta, “vertical-circle” 
(commentary to the first verse of this chapter): here it is combined 
with words which seem to be rather arbitrarily chosen, to form techni- 
cal appellations for quantities used only in this process: the literal 
meaning*of kshepa is “throwing, hurling ;” of gati, “ gait, motion.” 


7. The sine and cosine of meridian zenith-distance (naténcés) 
are the approximate (asphuta) sines of ecliptic zenith-distance 
and altitude (drkkshepa, drggati).... 


This is intended as an allowable simplification of the above process 
for finding the sines of ecliptic zenith-distance and altitude, by substi- 
tuting for them other quantities to which they are nearly equivalent, 
and which are easier of calculation. These are the sines of zenith- 
distance and altitude of the meridian ecliptic-point (madhyalagna—L in 
Fig. 26) the former of which has already been made an element in the 
other process, under the name of “meridian-sine” (madhyajyd). It 
might, indeed, from the terms of the text, be doubtful of what point the 
altitude and zenith-distance were to be taken; a passage cited by the 
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commentator from Bhaskara’s Siddhanta-Ciromani (found on page 221 
of the published edition of the Ganitadhyaya) directs the sines of zenith- 
distance and altitude of B (tribhonalagna) when upon the meridian— 
that is to say, the sine and cosine of the are Z F—to be substituted for 
those of ZB in a hasty process: but the value of the sine would in 
this case be too small, as in the other it was too great: and as the text 
nowhere directly recognizes the point B, and as directions have been 
given in verse 5 for finding the meridian zenith-distance of L, it seems 
hardly to admit of a doubt that the latter is the point to which the text 
here intends to refer. 

Probably the permission to make this substitution is only meant to 
apply to cases where Z L is of small amount, or where C has but little 
amplitude. 


7.... Divide the square of the sine of one sign by the sine 
called that of ecliptic-altitude (drggatjivd); the quotient is the 
“divisor” (cheda). 

8. By this “divisor” divide the sine of the interval between 
the meridian ecliptic-point (madhyalagna) and the sun’s place: 
the quotient is to be regarded as the parallax in longitude (lam- 
bana) of the sun and moon, eastward or westward, in nadis, ete. 


The true nature of the process by which this final rule for finding the 
parallax in longitude is obtained is altogether hidden from sight under 
the form in which the rule is stated. Its method is as follows: 

We have seen, in connection with the first verse of the preceding 
chapter, that the greatest parallaxes of the sun and moon are quite 
nearly equivalent to the mean motion of each during 4 nadis. Hence, 
were both bodies in the horizon, and the ecliptic a vertical circle, the 
moon would be depressed in her orbit below the sun to an amount equal 
to her excess in motion during 4 nddis. This, then, is the moon’s 
greatest horizontal parallax in longitude. To find what it would be at 
any other point in the ecliptic, still considered as a vertical circle, we 
make the proportion 

R: 4 (hor. par.) : : sin zen.-dist. : vert. parallax 

This proportion is entirely correct, and in accordance with our modern 
rule that, with a given distance, the parallax of a body varies as the sine 
of its zenith-distance: whether the Hindus had made a rigorous de- 
monstration of its truth, or whether, as in so many other cases, seeing 
that the parallax was greatest when the sine of zenith-distance was 
greatest, and nothing when this was nothing, they assumed it to vary 
in the interval as the sine of zenith-distance, saying “if, with a sine 
of zenith-distance which is equal to radius, the parallax is four nadis, 
with a given sine of zenith-distance what is it ?”—this we will not ven- 
ture to determine. 

But now is to be considered the farther case in which the ecliptic is 
not a vertical circle, but is depressed below the zenith a certain distance, 
measured by the sine of ecliptic zenith-distance (drkkshepa), already 
found. Here again, noting that the parallax is all to be reckoned as 
parallax in longitude when the ecliptic is a vertical circle, or when the 
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sine of ecliptic-altitude is greatest, and that it would be only parallax 
in latitude when the ecliptic should be a horizontal circle, or when the 
sine of ecliptic-altitude should be reduced to nothing, the Hindus assume 
it to vary in the interval as that sine, and accordingly make the propor- 
tion: “if, with a sine of ecliptic-altitude that is equal to radius, the par- 
allax in longitude is equal to the vertical parallax, with any given sine 
of ecliptic-altitude what is it ?’—or, inverting the middle terms, 

R : sin ecl.-alt. : : vert. parallax : parallax in long. 
But we had before 

R: 4 >: sin zen.-dist. : vert. parallax 
hence, by combining terms, 

R? :4sinecl.-alt.: : sin zen.-dist. : parallax in long. 


For the third term of this proportion, now, is substituted the sine of the 
distance of the given point from the central ecliptic-point : that is to say, 
B m (Fig. 26) is substituted for Zm ; the two are in fact of equal value 
only when they coincide, or else at the horizon, when each becomes a 
quadrant; but the error involved in the substitution is greatly lessened 
by the circumstance that, as it increases in proportional amount, the 
parallax in longitude itself decreases, until at B the latter is reduced to 
nullity, as is the vertical parallax at Z. The text, indeed, as in verses 
1 and 9, puts madhyalugna, L, for tribhonalagna, B, in reckoning this 
distance: but the commentary, without ceremony or apology, reads the 
latter for the former. These substitutions being made, and the propor- 
tion being reduced to the form of an equation, we have 
sin dist. X 4 sin ecl.-alt. 





par. in long. = 








R: 
which reduces to 
sin dist. sin dist. 
: or > 
K? — 4 sin ecl.-alt. +R?— sin ecl.-alt. 
and since 4R?=(4R)?, and $R=sin 30°, we have finally 
sin dist. 





r. in long. = - : — 
pa "sin? 30° — sin ecl.-alt, 


which is the rule given in the text. To the denominator of the fraction, 
in its final form, is given the technical name of cheda, “ divisor,” which 
word we have had before similarly used, to designate one of the factors 
in a complicated operation (see above, iii. 35, 38). 

We will now examine the correctness of the second principal propor- 
tion from which the rule is deduced. It is, in terms of the last figure 
(Fig. 26) 

R:sinZP!(=BR)::mM:mn 
Assuming the equality of the little triangles Mmn and Mmn’, and 
accordingly that of the angles mMn and M mn’, which latter equals 
Zm FP’, we haye, by spherical trigonometry, as a true proportion, 
sin mn! M:sin Mmn!::mM: mn‘ 

or R:sin ZmP!::mM:mn 

Hence the former proportion is correct only when sin ZP’ and sin 
Zm FP’ are equal; that is to say, when ZP’ measures the angle Zm P'; 
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and this can bé the case only when Z™m, as well as P’ m, is a quadrant, 
or when m is on the horizon. Here again, however, precisely as in the 
case last noticed, the importance of the error is kept within very narrow 
limits by the fact that, as its relative consequence increases, the amount 
of the parallax in longitude affected by it diminishes. 


9. When the sun’s longitude is greater than that of the meri- 
dian ecliptic-point (madhyalagna), subtract the parallax in longi- 
tude from the end of the lunar day; when less, add the same: 
repeat the process until all is fixed. 


The text so pertinaciously reads “ meridian ecliptic-point” (madhya- 
lagna) where we should expect, and ought to have, “central ecliptic- 
point” (tribhonalagna), that we are almost ready to suspect it of mean- 
ing to designate the latter point by the former name. It is sufficiently 
clear that, whenever the sun and moon are to the eastward of the cen- 
tral ecliptic-point, the effect of the parallax in longitude will be to throw 
the moon forward on her orbit beyond the sun, and so to cause the time 
of apparent to precede that of real conjunction; and the contrary. 
Hence, in the eastern hemisphere, the parallax, in time, is subtractive, 
while in the western it is additive. But a single calculation and appli- 
cation of the correction for parallax is not enough; the moment of ap- 
parent conjunction must be found by a series of successive approxima- 
tions: since if, for instance, the moment of true conjunction is 25" 2¥, 
and the calculated parallax in longitude for that moment is 2" 217, the 
apparent end of the lunar day will not be at 27" 23%, because at the 
latter time the parallax will be greater than 2° 21¥, deferring accordingly 
still farther the time of conjunction; and soon. The commentary ex- 
plains the method of procedure more fully, as follows: for the moment 
of true conjunction in longitude calculate the parallax in longitude, and 
apply it to that moment: for the time thus found calculate the parallax 
anew, and apply it to the moment of true conjunction: again, for the 
time found as the result of this process, calculate the parallax, and ap- 
ply it as before; and so proceed, until a moment is arrived at, at which 
the difference in actual longitude, according to the motions of the two 
planets, will just equal and counterbalance the parallax in longitude. 

The accuracy of this approximative process cannot but be somewhat 
impaired by the circumstance that, while the parallax is reckoned in 
difference of mean motions, the corrections of longitude must be made 
in true motions. Indeed, the reckoning of the horizontal parallax in 
time as 4 nAdis, whatever be the rate of motion of the sun and moon, is 
one of the most palpable among the many errors which the Hindu pro- 
cess involves. 

To ascertain the moment of apparent conjunction in longitude, only 
the parallax in longitude requires to be known; but to determine the 
time of occurrence of the other phases of the eclipse, it is necessary to 
take into account the parallax in latitude, the ascertainment of which is 
accordingly made the subject of the next rule. 


10. If the sine of ecliptic zenith-distance (drkkshepa) be multi- 
plied by the difference of the mean motions of the sun and 
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moon, and divided by fifteen times radius, the restilt will be the 
parallax in latitude (avanati). 


As the sun’s greatest parallax is equal to the fifteenth part of his 
mean daily motion, and that of the moon to the fifteenth part of hers 
(see note to iv. 1, above), the excess of the moon’s parallax over that of 
the sun is equal, when greatest, to one fifteenth of the difference of 
their respective mean daily motions. This will be the value of the 
parallax in latitude when the ecliptic coincides with the horizon, or 
when the sine of ecliptic zenith-distance becomes equal to radius. On 
the other hand, the parallax in latitude disappears when this same sine 
is reduced to nullity. Hence it is to be regarded as varying with the 
sine of ecliptic zenith-distance, and, in order to find its value at any 
given point, we say “if, with a sine of ecliptic zenith-distance which is 
equal to radius, the parallax in latitude is one fifteenth of the difference 
of mean daily motions, with a given sine of ecliptic zenith-distance 
what is it?” or 

R : diff. of mean m.—15 : : sin ecl. zen.-dist. : parallax in lat. 

This proportion, it is evident, would give with entire correctness the 
parallax at the central ecliptic-point (B in Fig. 26), where the whole 
vertical parallax is to be reckoned as parallax in latitude. But the rule 
given in the text also assumes that, with a given position of the ecliptic, 
the parallax in latitude is the same at any point in the ecliptic. Of this 
the commentary offers no demonstration, but it is essentially true. For, 
regarding the little triangle M mn as a plane triangle, right-angled at n, 
and with its angle nm M equal to the angle Zm B, we have 

R:sinZmB::Mm:Mn 

But, in the spherical triangle Z m B, right-angled at B, 

R:sin ZmB:;sin Zm;sin ZB 
Hence, by equality of ratios, 

sin Zm:sinZB::Mm:Mn 

But, as before shown, 

R:sin Zm:: gr. parallax: Mm 
Hence, by combining terms, 

R:sin ZB:: gr. parallax: Mn 

That is to say, whatever be the position of m, the point for which the 
parallax in latitude is sought, this will be equal to the product of the 
greatest parallax into the sine of ecliptic zenith-distance, divided by 
radius: or, as the greatest parallax equals the difference of mean mo- 
tions divided by fifteen, 

sin ecl. zen.-dist.X diff. of m. m.—-15 a sin ecl.zen.-dist. X diff. of m.m. 





. i iF j= 
par. in ja R RX15 

The next verse teaches more summary methods of arriving at the 
same quantity. 


11. Or, the parallax in latitude is the quotient arising from 
dividing the sine of ecliptic zenith-distance (arkkshepa) by sev- 
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enty, or, from multiplying it by forty-nine, and dividing it by 
radius. 


In the expression given above for the value of the parallax in latitude, 
all the terms are constant excepting the sine of ecliptic zenith-distance. 
The difference of the mean daily motions is 731/27", and fifteen times 
radius is 51,570’. Now 731! 27”+-51,570' equals zg!5q or 48.77—R; 
to which the expressions given in the text are sufficiently near approxi- 
mations. 


12. The parallax in latitude is to be regarded as south or 
north according to the direction of the meridian-sine (madhyajy). 
When it and the moon’s latitude are of like direction, take their 
sum; otherwise, their difference : 

13. With this calculate the half-duration (sthiti), half total ob- 
scuration (vimarda), amount of obscuration (grésa), etc., in the 
manner already taught; likewise the scale of projection (pra- 
mana), the deflection (va/ana), the required amount of obscura- 
tion, etc., as in the case of a lunar eclipse. 


In ascertaining the true time of occurrence of the various phases of 
a solar eclipse, as determined by the parallax of the given point of ob- 
servation, we are taught first to make the whole correction for parallax 
in latitude, and then afterward to apply that for parallax in longitude. 
The former part of the process is succinctly taught in verses 22 and 13: 
the rules for the other follow in the next passage. The language of the 
text, as usual, is by no means so clear and explicit as could be wished. 
Thus, in the case before us, we are not taught whether, as the first step 
in this process of correction, we are to calculate the moon’s parallax in 
latitude for the time of true conjunction (t#thyanta, “end of the lunar 
day”), or for that of apparent conjunction (madhyagrahana, “middle of 
the eclipse”). It might be supposed that, as we have thus far only had 
in the text directions for finding the sine and cosine of ecliptic zenith- 
distance at the moment of true conjunction, the former of them was to 
be used in the calculations of verses 10 and 11, and the result from it, 
which would be the parallax at the moment of true conjunction, applied 
here as the correction needed. Nor, so far as we have been able to 
discover, does the commentator expound what is the true meaning of 
the text upon this point. It is sufficiently evident, however, that the 
moment of apparent conjunction is the time required. We have found, 
by a process of successive approximation, at what time (see Fig. 25), the 
moon (her latitude being neglected) being at m and the sun at n, the 
parallax in longitude and the difference of true longitude will both be 
the same quantity, mn, and so, when apparent conjunction will take 
place. Now, to know the distance of the two centres at that moment, 
we require to ascertain the parallax in latitude, x M, for the moon at m, 
and to apply it to the moon’s latitude when in the same position, taking 
their sum when their direction is the same, and their difference when 
their direction is different, as prescribed by the text; the net result will 
be the distance required. The commentary, it may be remarked, ex- 
pressly states that the moon’s latitude is to be calculated in this opera- 
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tion for the time of apparent conjunction (madhyagrahana). The dis- 
tance thus found will determine the amount of greatest obscuration, and 
the character of the eclipse, as taught in verse 10 of the preceding chap- 
ter. It is then farther to be taken as the foundation of precisely such a 
process as that described in verses 12-15 of the same chapter, in order 
to ascertain the half-time of duration, or of total obscuration: that is to 
say, the distance in latitude of the two centres being first assumed as 
invariable through the whole duration of the eclipse, the half-time of 
duration, and the resulting moments of contact and separation are to be 
ascertained : for these moments the latitude and parallax in latitude are 
to be calculated anew, and by them a new determination of the times of 
contact and separation is to be made, and so on, until these are fixed 
with the degree of accuracy required. If the eclipse be total, a similar 
operation must be gone through with to ascertain the moments of im- 
mersion and emergence. No account is made, it will be noticed, of the 
possible occurrence of an annular eclipse. 

The intervals thus found, after correction for parallax in latitude 
only, between the middle of the ye + and the moments of contact and 
separation respectively, are those which are called in the last chapter 
(vv. 19, 23), the “mean half-duration” (madhyasthityardha). 

In this process for finding the net result, as apparent latitude, of the 
actual latitude and the parallax in latitude, is brought out with dis- 
tinctness the inaccuracy already alluded to; that, whatever be the 
moon’s actual latitude, her parallax is always calculated as if she were 
in the ecliptic. In an eclipse, however, to which case alone the Hindu 
processes are intended to be applied, the moon’s latitude can never be 
of any considerable amount. 

The propriety of determining the direction of the parallax in latitude 
by means of that of the meridian-sine (ZL in Fig. 26), of which the 
direction is established as south or north by the process of its calcula- 
tion, is too evident to call for remark. 

In verse 13 is given a somewhat confused specification of matters 
which are, indeed, affected by the parallax in latitude, but in different 
modes and degrees. The amount of greatest obscuration, and the 
(mean) half-times of duration and total obscuration, are the quantities 
directly dependent upon the calculation of that parallax, as here pre- 
sented: to find the amount of obscuration at a given moment—as also 
the time corresponding to a given amount of obscuration—we require 
to know also the true half-duration, as found by the rules stated in the 
following passage: while the scale of projection and the deflection are 
affected by parallax only so far as this alters the time of occurrence of 
the phases of the eclipse. 


14. For the end of the lunar day, diminished and increased by 
the half-duration, as formerly, calculate again the parallax in 
longitude for the times of contact (grésa) and of separation (mok- 
sha), and find the difference between these and the parallax in 
longitude (harya) for the middle of the eclipse. 

15. If, in the eastern hemisphere, the parallax in longitude 
for the contact is greater than that for the middle, and that for 
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the separation less; and if, in the western hemisphere, the con- 
trary 1s the case— 

16. Then the difference of parallax in longitude is to be added 
to the half-duration on the side of separation, and likewise on 
that of contact (pragrahana); when the contrary is true, it is to 
be subtracted. 

17. These rules are given for cases where the two parallaxes 
are in the same hemisphere: where they are in different hemi- 
spheres, the sum of the parallaxes in longitude is to be added to 
the corresponding half-duration. The principles here stated ap- 
ply also to the half-time of total obscuration. 


We are supposed to have ascertained, by the preceding process, the 
true amount of apparent latitude at the moments of first and last con- 
tact of the eclipsed and eclipsing bodies, and consequently to have de- 
termined the dimensions of the triangle—corresponding, in a solar 
eclipse, to CGP, Fig. 21, in a lunar—made up of the latitude, the dis- 
tance in longitude, and the sum of the two radii. The question now is 
how the duration of the eclipse will be affected by the parallax in longi- 
tude. If this parallax remained constant during the continuance of the 
eclipse, its effect would be nothing; and, having once determined by it 
the time of apparent conjunction, we should not need to take it farther 
into account. But it varies from moment to moment, and the effect of 
its variation is to prolong the duration of every part of a visible eclipse. 
For, to the east of the central ecliptic-point, it throws the moon’s disk 
forward upon that of the sun, thus hastening the occurrence of all the 
phases of the eclipse, but by an amount which is all the time decreasing, 
so that it hastens the beginning of the eclipse more than the middle, 
and the middle more than the close: to the west of that same point, on 
the other hand, it depresses the moon’s disk away from the sun’s, but by 
an amount constantly increasing, so that it retards the end of the eclipse 
more than its middle, and its middle more than its beginning. The 
effect of the parallax in longitude, then, upon each half-duration of the 
eclipse, will be measured by the difference between its retarding and ac- 
celerating effects upon contact and conjunction, and upon conjunction 
and separation, respectively: and the amount of this difference will 
always be additive to the time of half-duration as otherwise determined. 
If, however, contact and conjunction, or conjunction and separation, 
take place upon opposite sides of the point of no parallax in longitude, 
then the sum of the two parallactic effects, instead of their difference, 
will be to be added to the corresponding half-duration: since the one, 
on the east, will hasten the occurrence of the former phase, while the 
other, on the west, will defer the occurrence of the latter phase. The 
amount of the parallax in longitude for the middle of the eclipse has 
already been found ; if, now, we farther determine its amount—reckoned, 
it will be remembered, always in time—for the moments of contact and 
separation, and add the difference or the sum of each of these and the 
— for the moment of conjunction to the corresponding half- 

uration as previously determined, we shall have the true times of half- 
duration. In order to find the parallax for contact and separation, we 
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repeat the same process (see above, v. 9) by which that for conjunction 
was found: as we then started from the moment of true conjunction, 
and, by a series of successive approximations, ascertained the time when 
the difference of longitude would equal the parallax in longitude, so now 
we start from two moments removed from that of true conjunction by 
the equivalents in time of the two distances in longitude obtained by the 
last process, and, by a similar series of successive approximations, ascer- 
tain the times when the differences of longitude, together with the par- 
allax, will equal those distances in longitude. 

In the process, as thus conducted, there is an evident inaccuracy. It 
is not enough to apply the whole correction for parallax in latitude, and 
then that for parallax in longitude, since, by reason of the change effected 
by the latter in the times of contact and separation, a new calculation of 
the former becomes necessary, and then again a new calculation of the 
latter, and so on, until, by a series of doubly compounded approxima- 
tions, the true value of each is determined. This was doubtless known 
to the framers of the system, but passed over by them, on account of 
the excessively laborious character of the complete calculation, and be- 
cause the accuracy of such results as they could obtain was not sensibly 
affected by its neglect. 

The question naturally arises, why the specifications of verse 15 are 
made hypothetical instead of positive, and why, in the latter half of 
verse 16, a case is supposed which never arises. The commentator an- 
ticipates this objection, and takes much pains to remove it: it is not 
worth while to follow his different pleas, which amount to no real expla- 
nation, saving to notice his last suggestion, that, in case an eclipse begins 
before sunrise, the parallax for its earlier phase or phases, as calculated 
according to the distance in time from the lower meridian, may be less 
than for its later phases—and the contrary, when the eclipse ends after 
sunset. This may possibly be the true explanation, although we are 
justly surprised at finding a case of so little practical consequence, and 
to which no allusion has been made in the previous processes, here 
taken into account. 

The text, it may be remarked, by its use of the terms “eastern and 
western hemispheres” (Aapdla, literally “cup, vessel”), repeats once more 
its substitution of the meridian ecliptic-point (madhyalagna) for the 
central ecliptic-point (tr¢bhonalagna), as that of no parallax in longitude ; 
the meridian forming the only proper and recognized division of the 
heavens into an eastern and a western hemisphere. 

We are now prepared to see the reason of the special directions given 
in verses 19 and 23 of the last chapter, respecting the reduction, in a 
solar eclipse, of distance in time from the middle of the eclipse to dis- 
tance in longitude of the two centres. The “mean _ half-duration” 
(madhyasthityardha) of the eclipse is the time during which the true dis- 
tance of the centres at the moments of contact or separation, as found 
by the process prescribed in verses 12 and 13 of this chapter, would be 
gained by the moon with her actual excess of motion, leaving out of ac- 
count the variation of parallax in longitude: the “true half-duration” 
(sphutasthityardha) is the increased time in which, owing to that varia- 
tion, the same distance in longitude is actually gained by the moon; 
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the effect of the parallax being equivalent either to a diminution of the 
moon’s excess of motion, or to a protraction of the distance of the two 
centers—both of them in the ratio of the true to the mean half-duration. 
If then, for instance, it be required to know what will be the amount of 
obscuration of the sun half an hour after the first contact, we shall first 
subtract this interval from the true half-duration before conjunction ; the 
remainder will be the actual interval to the middle of the eclipse: this 
interval, then, we shall reduce to its value as distance in longitude by 
diminishing it, either before or after its reduction to minutes of arc, in 
the ratio of the true to the mean half-duration. The rest of the process 
will be performed precisely as in the case of an eclipse of the moon. 

Notwithstanding the ingenuity and approximate correctness of many 
of the rules and methods of calculation taught in this chapter, the whole 
process for the ascertainment of parallax contains so many elements of 
error that it hardly deserves to be called otherwise than cumbrous and 
banging. The false estimate of the difference between the sun’s and 
moon’s horizontal parallax—the neglect, in determining it, of the varia- 
tion of the moon’s distance—the estimation of its value in time made 
always according to mean motions, whatever be the true motions of the 
planets at the moment—the neglect, in calculating the amount of par- 
allax, of the moon’s latitude—these, with all the other inaccuracies of 
the processes of calculation which have been pointed out in the notes, 
render it impossible that the results obtained should ever be more than 
a rude approximation to the truth. 


















In farther illustration of the subject of solar eclipses, as exposed in 
this and the preceding chapters, we present, in the Appendix, a full cal- 
culation of the eclipse of May 26th, 1854, mainly as made for the trans- 
lator, during his residence in India, by a native astronomer. 







CHAPTER VI. 







OF THE PROJECTION OF ECLIPSES. 


Contents:—1, value of a projection; 2-4, general directions; 5-6, how to lay off 
the deflection and latitude for the beginning and end of the eclipse ; 7, to exhibit 
the points of contact and separation ; 8-10, how to lay off the deflection and lati- 
tude for the middle of the eclipse; 11, to show the amount of greatest obscura- 
tion; 12, reversal of directions in the western hemisphere; 13, least amount of 
obscuration observable; 14-16, to draw the path of the eclipsing body ; 17-19, to 
show the amount of obscuration at a given time; 20-22, to exhibit the points of * 
immersion and emergence in a total eclipse; 23, color of the part of the moon ; 
obscured ; 24, caution as to communicating a knowledge of these matters, 












1. Since, without a projection (chedyaka), the precise (sphufa) 
differences of the two eclipses are not understood, I shall procee 
to explain the exalted doctrine of the projection. 
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The term chedyaka is from the root chid, “ split, divide, sunder,” and 
indicates, as here applied, the instrumentality by which distinctive dif- 
ferences are rendered evident. The name of the chapter, parilekhddhi- 
kara, is not taken from this word, but from parilekha, “ delineation, 
figure,” which occurs once below, in the eighth verse. 


2. Having fixed, upon a well prepared surface, a point, de- 
scribe from it, in the first place, with a radius of forty-nine digits 
(angula), a circle for the deflection (valana): 

3. Then a second circle, with a radius equal to half the sum of 
the eclipsed and eclipsing bodies; this is called the aggregate- 
circle (samdsa); then a third, with a radius equal to half the 
eclipsed body. 

4. The determination of the directions, north, south, east, and 
west, is as formerly. In a lunar eclipse, contact (grahana) takes 

lace on the east, and separation (moksha) on the west; in a so- 
ar eclipse, the contrary. 


The larger circle, drawn with a radius of about three feet, is used solely 
in laying off the deflection (valana) of the ecliptic from an east and 
west circle. We have seen above (iv. 24, 25) that the sine of this de- 
flection was reduced to its value in a circle of forty-nine digits’ radius, 
by dividing by seventy its value in minutes. The second circle is em- 
ployed (see below, vv. 6, 7) in determining the | geen of contact and 
separation. The third represents the eclipsed body itself, always main- 
taining a fixed position in the centre of the figure, even though, in a 
lunar eclipse, it is the body which itself moves, relatively to the eclipsing 
shadow. For the scale by which the measures of the eclipsed and 
eclipsing bodies, the latitudes, etc., are determined, see above, iv. 26. 

e method of laying down the cardinal directions is the same with 
that used in constructing a dial; it is described in the first passage of 
the third chapter (iii. 1-4). 

The specifications of the latter half of verse 4 apply to the eclipsed 
body, designating upon which side of it obscuration will commence and 
terminate. 


5. In a lunar eclipse, the deflection (valana) for the contact is 


to be laid off in its own proper direction, but that for the separa- 
tion in reverse; in an eclipse of the sun, the contrary is the case. 


The accompanying figure (Fig. 27) will illustrate the Hindu method 
of exhibiting, by a projection, the various pose of an eclipse. Its 


conditions are those of the lunar eclipse of Feb. 6th, 1860, as deter- 
mined by the data and methods of this treatise: for the calculation see 
the Appendix. Let M be the centre of the figure and the place of the 
moon, and let NS and EW be the circles of direction drawn through 
the moon’s centre; the former representing (see above, under iv. 24, 25) 
a great circle drawn through the north and south points of the horizon, 
the latter a small circle parallel to the prime vertical. In explanation 
of the manner in which these directions are presented by the figure, we 
would remark that we have adapted it to a supposed position of the 
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observer on the north side of his projection, as at N, and looking south- 
ward—a position which, in our latitude, he would naturally assume, for 


Fig. 27. 


the purpose of comparing the actual phases of the eclipse, as they oc- 

curred, with his delineation of them. The heavier circle, //’, is that 
drawn with the sum of the semi-diameters, or the “aggregate-circle ;” 
while the outer one, NESW, is that for the deflection. This, in order 
to reduce the size of the whole figure, we have drawn upon a scale very 
much smaller than that prescribed ; its relative dimensions being a mat- 
ter of no consequence whatever, provided the sine of the deflection be 
made commensurate with its radius. In our own, or the Greek, method 
of laying off an arc, by its angular value, the radius of the circle of de- 
flection would also be a matter of indifference: the Hindus, ignoring 
angular measurements, adopt the more awkward and bungling method 
of laying off the arc by means of its sine. Let vw equal the deflection, 
calculated for the moment of contact, expressed as a sine, and in terms 
of a circle in which EM is radius. Now, as the moon’s contact with 
the shadow takes place upon her eastern limb, the deflection for the 
contact must be laid off from the east point of the circle; and, as the 
calculated direction of the deflection indicates in what way the ecliptic 
is pointing eastwardly, it must be laid off from E in its own proper di- 
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rection. In the case illustrated, the deflection for the contact is north: 
hence we lay it off northward from E, and then the line drawn from M 
to v, its extremity—which line represents the direction of the ecliptic 
at the moment—points northward, Again, upon the side of separation 
—which, for the moon, is the western side—we lay off the deflection for 
the moment of separation: but we lay it off from W in the reverse of 
its true direction, in order that the line from its extremity to the centre 
may truly represent the direction of the ecliptic. Thus, in the eclipse 
figured, the deflection for separation is south; we lay it off northward 
from W, and then the line v’ M points, toward M, southward. In a solar 
eclipse, in which, since the sun’s western limb is the first eclipsed, the 
deflection for contact must be laid off from W, and that for separation 
trom E, the direction of the former requires to be reversed, and that of 
the latter to be maintained as calculated. 


6. From the extremity of either deflection draw a line to the 
centre: from the point where that cuts the aggregate-circle 
(samdsa) are to be laid off the latitudes of contact and of separa- 
tion. 

7. From the extremity of the latitude, again, draw a line to 
the central point: where that, in either case, touches the eclipsed 
body, there point out the contact and separation. 

8. Always, in a solar eclipse, the latitudes are to be drawn in 
the figure (parilekha) in their proper direction; in a lunar 
eclipse, in the opposite direction... . 


The lines » M and vw’ M, drawn from v and v’, the extremities of the 
sines or ares which measure the deflection, to the centre of the figure, 
represent, as already noticed, the direction of the ecliptic with reference 
to an east and west line at the moments of contact and separation. 
From them, accordingly, and at right angles to them, are to be laid off 
the values of the moon’s latitude at those moments. Owing, however, 
to the principle adopted in the projection, of regarding the eclipsed 
body as fixed in the centre of the figure, and the eclipsing body as pass- 
ing over it, the lines v M and v’ M do not, in the case of a lunar eclipse, 
represent the ecliptic itself, in which is the centre of the shadow, but the 
small circle of latitude, in which is the moon’s centre: hence, in laying 
off the moon’s latitude to determine the centre of the shadow, we re- 
verse its direction. Thus, in the case illustrated, the moon’s latitude is 
always south: we lay off, then, the lines 47 and k’l’, representing its 
value at the moments of contact and separation, northward: they are, 
like the deflection, drawn as sines, and in such manner that their ex- 
tremities, 2 and /’, are in the aggregate-circle: then, since 7M and lM 
are each equal to the sum of the two semi-diameters, and 1% and 1’ k’ 
to the latitudes, k M and k’ M will represent the distances of the centres 
in longitude, and / and /’ the places of the centre of the shadow, at con- 
tact and separation; and upon describing circles from / and /’, with radii 
equal to the semi-diameter of the shadow, the points ¢ and s, where 
these touch the disk of the moon, will be the points of first and last con- 
tact: ¢ and s being also, as stated in the text, the points where 7 M and 
i'M meet the circumference of the disk of the eclipsed body. 
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8.... In accordance with this, then, for the middle of the 
eclipse, 

9. The deflection is to be laid off—eastward, when it and the 
latitude are of the same direction; when they are of different 
directions, it is to be laid off westward: this is for a lunar 
eclipse ; in a solar, the contrary is the case. 

10. From the end of the deflection, again, draw a line to the 
central point, and upon this line of the middle lay off the lati- 
tude, in the direction of the deflection. 

11. From the extremity of the latitude describe a circle with 
a radius equal to half the measure of the eclipsing body: what- 
ever of the disk of the eclipsed body is enclosed within that 
circle, so much is swallowed up by the darkness (‘amas). 


The phraseology of the text in this passage is somewhat intricate and 
obscure; it is fully explained by the commentary, as, indeed, its mean- 
ing is also deducible with sufficient clearness from the conditions of the 
problem sought to be solved. It is required to represent the deflection 
of the ecliptic from an east and west line at the moment of greatest 
obscuration, and to fix the position of the centre of the eclipsing body 
at that moment. The deflection is this time to be determined by a 
secondary to the ecliptic, drawn from near the north or south point of 
the figure. The first question is, from which of these two points shall 
the deflection be laid off, and the line to the centre drawn. Now since, 
according to verse 10, the latitude itself is to be measured upon the line 
of deflection, the latter must be drawn southward or northward accord- 
ing to the direction in which the latitude is to be laid off. And this is 
the meaning of the last part of verse 8; “in accordance,” namely, with 
the direction in which, according to the previous part of the verse, the 
latitude is to be drawn. But again, in which direction from the north 
or south point, as thus determined, shall the deflection be measured ? 
This must, of course, be determined by the direction of the deflection 
itself: if south, it must obviously be measured east from the north point 
and west from the south point; if north, the contrary. The rules of 
the text are in accordance with this, although the determining circusp- 
stance is made to be the agreement or non-agreement, in respect to 
direction, of the deflection with the moon’s latitude—the latter being 
this time reckoned in its own proper direction, and not, in a lunar 
eclipse, reversed. Thus, in the case for which the figure is drawn, as 
the moon’s latitude is south, and must be laid off northward from M, 
the deflection, vw”, is measured from the north point; as deflection 
and latitude are both south, it is measured east from N. In an eclipse 
of the sun, on the other hand, the moon’s latitude would, if north, be 
laid off northward, as in the figure, and hence also, the deflection would 
be measured from the north point: but it would be measured eastward, 
if its own direction were south, or disagreed with that of the latitude. 

The line of deflection, which is Mv” in the figure, being drawn, and 
having the direction of a perpendicular to the ecliptic at the moment of 
opposition, the moon’s latitude for that moment, M 1”, is laid off directly 
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upon it. The point /” is, accordingly, the position of the centre of the 
shadow at the middle of the eclipse, and if from that centre, with a 
radius equal to the semi-diameter of the eclipsing body, a circle be drawn, 
it will include so much of the disk of the eclipsed body as is covered 
when the obscuration is greatest. In the figure the eclipse is shown as 
total, the Hindu calculations making it so, although, in fact, it is only a 
partial eclipse. 


12. By the wise man who draws the projection (chedyaka), 
upon the ground or upon a board, a reversal of directions is to 
be made in the eastern and western hemispheres. 


This verse is inserted here in order to remove the objection that, in 
the eastern hemisphere, indeed, all takes place as stated, but, if the 
eclipse occurs west of the meridian, the stated directions require to be 
all of them reversed. In order to understand this objection, we must 
take notice of the origin and literal meaning of the Sanskrit words 
which designate the cardinal directions. The face of the observer is 
supposed always to be eastward : then “ east” is préac, “ forward, toward 
the front”; “ west” is paccdt, “ backward, toward the rear”: “south” is 
dakshina, “ on the right”; “north” is uttara, “ upward” (i. e., probably, 
toward the mountains, or up the course of the rivers in north-western 
India). These words apply, then, in etymological strictness, only when 
one is looking eastward—and so, in the present case, only when the 
eclipse is taking place in the eastern hemisphere, and the projector is 
watching it from the west side of his projection, with the latter before 
him: if, on the other hand, he removes to E, turning his face westward, 
and comparing the phenomena as they occur in the western hemisphere 
with his delineation of them, then “forward” (prdfc) is no longer east, 
but west; “right” (dakshina) is no longer south, but north, etc. 

It is unnecessary to point out that this objection is one of the most 
frivolous and hair-splitting character, and its removal by the text a waste 
of trouble: the terms in question have fully acquired in the language an 
absolute meaning, as indicating directions in space, without regard to the 
position of the observer. 


* 13. Owing to herclearness, even the twelfth part of the moon, 
when eclipsed (grasta), is observable ; but, owing to his piercing 
brilliancy, even three minutes of the sun, when eclipsed, are not 
observable. 


The commentator regards the negative which is expressed in the lat- 
ter half of this verse as also implied in the former, the meaning being 
that an obscuration of the moon’s disk extending over only the twelfth 
part of it does not make itself apparent. We have preferred the inter- 
pretation given above, as being better accordant both with the plain and 
simple construction of the text and with fact. 


14, At the extremities of the latitudes make three points, of 
corresponding names; then, between that of the contact and 
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that of the middle, and likewise between that of the separation 
and that of the middle, 

15. Describe two fish-figures (matsya): from the middle of 
these having drawn out two lines projecting through the mouth 
and tail, wherever their intersection takes place, 

16. There, with a line touching the three points, describe an 
arc: that is called the path of the eclipsing baby, upon which 
the latter will move forward. 


The deflection and the latitude of three pvints in the continuance of 
the eclipse having been determined and laid down upon the projection, 
it is deemed unnecessary to take the same trouble with regard to any 
other points, these three being sufficient to determine the path of the 
eclipsing body: accordingly, an are of a circle is drawn through them, 
and is regarded as representing that path. The method of describing 
the arc is the same with that which has already been more than once 
employed (see above, iii. 1-4, 41-42): it is explained here with some- 
what more fullness than before. Thus, in the figure, /, 7’, and /’ are the 
three extremities of the moon’s latitude, at the moments of contact, 
opposition, and separation, respectively: we join Jl”, l’/', and upon 
these lines describe fish-figures (see note to iii. 1-5); their two extremi- 
ties (“ mouth” and “ tail”) are indicated by the intersecting dotted lines 
in the figure: then, at the point, not included in the figure, where the 
lines drawn through them meet one another, is the centre of a circle 
passing through /, 1”, and U. 


17. From half the sum of the eclipsed and eclipsing bodies 
subtract the amount of obscuration, as calculated for any given 
time: take a little stick equal to the remainder, in digits, and, 
from the central point, 

18. Lay it off toward the path upor either side—when the 
time is before that of greatest obscuration, toward the side of 
contact; when the obscuration is decreasing, in the direction of 
separation—and where the stick and the path of the eclipsing 
bod 

19. Meet one another, from that point describe a circle with a 
radius equal to half the eclipsing body: whatever of the eclipsed 
body is included within it, that point out as swallowed up by 
the darkness (¢amas). 

20. Take a little stick equal to half the difference of the 
measures (mdna), and lay it off in the direction of contact, calling 
it the stick of immersion (nimilana): where it touches the path, 

21. From that point, with a radius equal to half the eclipsing 
body, draw a circle, as in the former case: where this meets the 
circle of the eclipsed body, there immersion takes place. 

22. So also for the emergence (unmilana), lay it off in the 
direction of separation, and describe a circle, as lilies : it will 
show the point of emergence in the manner explained. 
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The method of these processes is so clear as to call for no detailed 
explanation. The centre of the eclipsing body being supposed to be 
always in the arc Z/”/’, drawn as directed in the last passage, we have 
only to fix a point in this are which shall be at a distance from M cor- 
responding to the calculated distance of the centres at the given time, 
and from that point to describe a circle of the dimensions of the eclipsed 
body, and the result will be a representation of the then phase of the 
eclipse. If the point thus fixed be distant from M by the difference of 
the two semi-diameters, as M 7’, Me’, the circles described will touch the 
disk of the eclipsed body at the points of immersion and emergence, 
i and e. 


23. The part obscured, when less than half, will be dusky 
(sadhtimra); when more than half, it will be black; when emerg- 
ing, it is dark copper-color (krshnatémra); when the obscuration 
is total, it is tawny (kapila). 

The commentary adds the important circumstance, omitted in the 
text, that the moon alone is here spoken of; no specification being 
added with reference to the sun, because, in a solar eclipse, the part 
obscured is always black. 

A more suitable place might have been found for this verse in the 
fourth chapter, as it has nothing to do with the projection of an eclipse. 


24. This mystery of the gods is not to be imparted indiscrim- 
inately: itis to be made known to the well-tried pupil, who 
remains a year under instruction. 











The commentary understands by this mystery, which is to be kept 
with so jealous care, the knowledge of the subject of this chapter, the 
delineation of an eclipse, and not the general subject of eclipses, as 
treated in the past three chapters, It seems a little curious to find a 
matter of so subordinate consequence heralded so pompously in the 
first verse of the chapter, and guarded so cautiously at its close. 











CHAPTER VII. 


OF PLANETARY CONJUNCTIONS, 







Cortents :—1, general classification of planetary conjunctions; 2-6, method of de- 
termining at what point on the ecliptic, and at what time, two planets will come 
to have the same longitude; 7-10, how to find the point on the ecliptic to which 
a planet, having latitude, will be referred by a circle passing through the north 
and south points of the horizon ; 11, when a planet must be so referred; 12, how 
to ascertain the interval between two planets when in conjunction upon such a 
north and south line; 13-14, dimensions of the lesser planets; 15-18, modes of 
exhibiting the coincidence between the calculated and actual places of the planets; 

18-20, definition of different kinds of conjunction; 20-21, when a planet, in con- 
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junction, is vanquished or victor; 22, farther definition of different kinds of con- 
junction; 23, usual prevalence of Venus in a conjunction; 23, planetary conjunc- 
tions with the moon; 24, conjunctions apparent only; why calculated. 


1. Of the star-planets there take place, with one another, 
encounter (yuddha) and conjunction (samdgama) ; with the moon, 
conjunction (samdgama) ; with the sun, heliacal setting (astamana). 


The “star-planets” (tardgraha) are, of course, the five lesser planets, 
exclusive of the sun and moon. Their conjunctions with one another 
and with the moon, with the asterisms (nakshatra), and with the sun, 
are the subjects of this and the two following chapters. 

For the general idea of “ conjunction” various terms are indifferently 
employed in this chapter, as samdgama, “ coming together”, samyoga, 
“ conjunction,” yoga, “junction” (in viii. 14, also, melaka, “ meeting”’) : 
the word yuti, “ union,” which is constantly used in the same sense by 
the commentary, and which enters into the title of the chapter, graha- 
yutyadhikara, does not occur anywhere in the text. The word which 
we translate “encounter,” yuddha, means literally “war, conflict.” 
Verses 18-20, and verse 22, below, give distinctive definitions of some 
of the different kinds of encounter and conjunction. 


2. When the longitude of the swift-moving planet is greater 
than that of the slow one, the conjunction (samyoga) is past; oth- 
erwise, it is to come: this is the case when the two are moving 
eastward; if, however, they are retrograding (vakrin), the con- 
trary is true. 

8. When the longitude of the one moving eastward is greater, 
the conjunction (samdgama) is past; but when that of the one 
that is retrograding is greater, 1t is to come. Multiply the dis- 
tance in longitude of the planets, in minutes, by the minutes of 
daily motion of each, 

4. And divide the products by the difference of daily motions, 
if both are moving with direct, or both with retrograde, motion : 
if one is retrograding, divide by the sum of daily motions. 

5. The quotient, in minutes, etc., is to be subtracted when the 
conjunction is past, and added when it is to come: if the two are 
retrograding, the contrary: if one is retrograding, the quotients 
are additive and subtractive respectively. 

6. Thus the two planets, situated in the zodiac, are made to be 
of equal longitude, to minutes. Divide in like manner the dis- 
tance in longitude, and a quotient is obtained which is the time, 
in days, etc. 


The object of this process is to determine where and when the two 
planets of which it is desired to calculate the conjunction will have the 
same longitude. The directions given in the text are in the main so 
clear as hardly to require explication. The longitude and the rate of 
motion of the two planets in question is supposed to have been found for 
some time not far removed from that of their conjunction. Then, in 
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determining whetlfer the conjunction is past or to come, and at what dis- 
tance, in are and in time, three separate cases require to be taken into 
account—when both are advancing, when both are retrograding, and 
when one is advancing and the other retrograding. In the two former 
cases, the planets are approaching or receding from one another by the 
difference of their daily motions; in the latter, by the sum of their daily 
motions. The point of conjunction will be found by the following pro- 
portion : as the daily rate at which the two are approaching or receding 
from each other is to their distance in longitude, so is the daily motion 

“ of each one to the distance which it will have to move before, or which 
it has moved since, the conjunction in longitude. The time, again, 
elapsed or to elapse between the given moment and that of the conjunc- 
tion, will be found by dividing the distance in longitude by the same divi- 
sor as was used in the other part of the process, namely the daily rate 
of approach or separation of the two planets. 

e only other matter which seems to call for more special explana- 
tion than is to be found in the text is, at what moment the process of 
calculation, as thus conducted, shall commence. If a time be fixed 
upon which is too far removed—as, for instance, by an interval of sev- 
eral days—from the moment of actual conjunction, the rate of motion 
of the two planets will be liable to change in the mean time so much as 
altogether to vitiate the correctness of the calculation. It is probable 
that, as in the calculation of an eclipse (see above, note to iv. 7-8), we are 
supposed, before entering upon the particular process which is the sub- 
ject of this passage, to Be ascertained, by previous tentative calcula- 
tions, the midnight next preceding or following the conjunction, and to 
have determined for that time the longitudes and rates of motion of the 
two planets. If so, the operation will give, without farther repetition, 
results having the desired degree of accuracy. The commentary, it may 
be remarked, gives us no light upon this point, as it gave us none in the 
case of the eclipse. 

We have not, however, thus ascertained the time and place of the 
conjunction. This, to the Hindu apprehension, takes place, not when 
the two planets are upon the same secondary to the ecliptic, but when 
they are upon the same secondary to the prime vertical, or upon the 
same circle passing through the north and south points of the horizon. 
Upon such a circle two stars rise and set simultaneously ; upon such a 

one they together pass the meridian: such a line, then, determines 
approximately their relative height above the horizon, each upon its own 
circle of daily revolution. We have also seen above, when considering 
the deflection (valana—see iv. 24-25), that a secondary to the prime ver- 
tical is regarded as determining the north and south directions upon the 
starry concave. To ascertain what will be the place of each planet upon 
the ecliptic when referred to it by such a circle is the object of the fol- 
lowing processes. 











| 7. Having calculated the measure of the day and night, and 
| likewise the latitude (vikshepa), in minutes ; having determined 
| the meridian-distance (nata) and altitude (unnata), in time, accord- 
| ing to the corresponding orient ecliptic-point (Jagna)— 


| 4 
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8. Multiply the latitude by the equinoctial shadow, and divide 
by twelve; the quotient multiply by the meridian-distance in 
nadis, and divide by the corresponding half-day : 

9. The result, when latitude is north; is subtractive in the 
eastern hemisphere, and additive in the western; when latitude 
is south, on the other hand, it is additive in the eastern hemi- 
sphere, and likewise subtractive in the western: 

10. Multiply the minutes of latitude by the degrees of declin- 
ation of the position of the planet increased by three signs: the 
result, in seconds (vikald), is additive or subtractive, according as 
declination and latitude are of unlike or like direction. 

11. In calculating the conjunction (yoga) of a planet and an 
asterism (nakshatra), in determining the setting and rising of a 
planet, and in finding the elevation of the moon’s cusps, this ope- 
ration for apparent longitude (drkkarman) is first prescribed. 

12. Calculate again the longitudes of the two planets for the 
determined time, and from these their latitudes: when the latter 
are of the same direction, take their difference ; otherwise, their 
sum: the result is the interval of the planets. 


The whole operation for determining the point on the ecliptic to 
which a planet, having a given latitude, will be referred by a secondary 
to the prime vertical, is called its drkkarman. Both parts of this com- 
pound we have had before—the latter, signifying “ operation, process of 
calculation,” in ii. $37, 42, ete.—for the former, see the notes to iii, 28— 
34, and v. 5-6: here we are to understand it as signifying the “ appar- 
ent longitude” of a planet, when referred to the ecliptic in the manner 
stated, as distinguished from its true or actual longitude, reckoned in the 
usual way: we accordingly translate the whole term, as in verse 11, 
“ operation for apparent longitude.” The operation, like the somewhat 
analogous one by which the ecliptic-deflection (valana) is determined 
{see above, iv. 24-25), consists of two separate processes, which receive 
in the commentary distinct names, corresponding with those applied to 
the two parts of the process for calculating the deflection. The whole 
subject may be illustrated by reference to the next figure (Fig.28). This 
represents the projection of a part of the sphere upon a horizontal plane, 
N and E being the north and east points of the horizon, and Z the 
zenith. Let C L be the position of the ecliptic at the moment of con- 
junction in longitude, C being the orient ecliptic-point (Jagna); and let 
M be the point at which the conjunction in longitude of the two planets 
S and V, each upon its parallel of celestial latitude, c/ and cl’, and hav- 
ing latitude equal to SM and V M respectively, will take place. Through 
V and S draw secondaries to the prime vertical, N V and N S, meeting 
the ecliptic in v and s: these latter are the points of apparent longitude 
of the two planets, which are still removed from a true conjunction by 
the distance v s : in order to the ascertainment of the time of that true 
conjunction, it is desired to know the positions of v and s, or their re- 
spective distances from M. From P, the ole of the equator, draw also 
circles through the two planets, meeting the ecliptic in s’ and v’: then, 
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in order to find Ms, we agcertain the values of ss’ and Ms’; and, in 
like manner, to find M v, we ascertain the values of vv’ and Mv’. Now 
; at the equator, or in a right 
Fig. 28. sphere, the circles N S and 
PS would coincide, and 
the distance ss’ disappear : 
hence, the amount of s s’ 
being dependent upon the 
latitude (aksha) of the ob- 
server, N P, the process by 
which it is calculated is 
called the “operation for 
latitude” (akshudrkkarman, 
or else Gksha drkkarman). 
Again, if P and P’ were the 
same point, or if the eclip- 
tic and equator coincided, 
PS and P’S would coin- 
cide, and M s’ would disap- 
pear: hence the process of 
calculation of M 8’ is called 
the “ operation for ecliptic- 
deviation” (ayanadrkkar- 
man, or dyana drkkarman), 
The latter of the two pro- 
cesses, although stated after 
the other in the text, is the 
one first explained by the 
commentary : we will also, 
as in the case of the deflec- 
tion (note to iv. 24-25), 
give to it our first, attention. 
The point s’, to which the planet is referred by 4 circle passing through 
the pole P, is styled by the commentary ayanagraha, “the planet’s lon- 
gitude as corrected for eciiptic-deviation,” and the distance M s’, which 
it is desired to ascertain, is called ayanakalds, “the correction, in min- 
utes, for ecliptic-deviation.” Instead, however, of finding Ms’, the pro- 
cess taught in the text finds M ¢, the corresponding distance. on the cir- 
cle of daily revolution, D R, of the point M—which is then assumed 
equal to Ms’. The proportion upon which the rule, as stated in verse 
10, is ultimately founded, is 
R:sinMSt::MS:Mé# 
the triangle MS 7%, which is always very small, being treated as if it 
were a plane triangle, right-angled at ¢. But now also, as the latitude 
MS is always a small quantity, the angle PSP’ may be treated as if 
equal to PMP’ (not drawn in the figure); and this angle is, as was 
shown in connection with iv. 24-25, the deflection of the ecliptic from 
the equator (dyana valana) at M, which is regarded as equal to the 
declination of the point 90° in advance of M: this point, for conven- 
jence’s sake, we will call M’, Our proportion becomes, then 
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R:sin decl. M’::MS: Me 

all the quantities which it contains being in terms of minutes. To bring 
this proportion, now, to the form in which it appears in the text, it is 
made to undergo a most fantastic and unscientific series of alterations. 
The greatest declination (ii. 28) being 24°, and its sine 1897’, which is 
nearly fifty-eight times twenty-four—sinee 58 X 24—=1392— it is assumed 
that fifty-eight times the number of degrees in any given are of declina- 
tion will be equal to the number of minutes in the sine of that are. 
Again, the value of radius, 3438’, admits of being roughly divided into 
the two factors fifty-eight and sixty—since 58 60==3480. Substitut- 
ing, then, these values in the proportion as stated, we have 


58X60 : 58 Xdecl. M’ in degr. :: latitude in min. : M ¢ 


Cancelling, again, the common factor in the first two terms, and trans- 
ferring the factor 60 to the fourth term, we obtain finally 
1: decl. M’ in degr. :: latitude in min. : M t 60 

that is to say, if the latitude of the planet, in minutes, be multiplied by 
the declination, in degrees, of a point 90° in advance of the planet, the 
result will be a quantity which, after being divided by sixty, or reduced 
from seconds to minutes, is to be accepted as the required interval on 
the ecliptic between the real place of the planet and the point to which 
it is referred by a secondary to the equator. | 

This explanation of the rule is the one given by the tauua at 
nor are we able to see that it admits of any othet. The reduction 
the original proportion to its final form is a process to which wé have 
heretofore found no parallel, and which appeaté cy, absurd and 
uncalled for. That M ¢ is taken as equivalent to M s’ has, as will appeat 
from a consideration of the next process, a certain propriety. 

The value of the arc M s’ being thus found, the question arises, in 
which direction it shall be measured from M. This depends upon the 
position of M with reference to the solstitial colure. At the colure, the 
lines PS and P’S coincide, so that, whatever be the latitude of a planet, 
it will, by a secondary to the equator, be referred to the ecliptic at its 
true point of longitude. From the winter solstice onward to the summer 
solstice, or when the point M is upon the sun’s northward path (uttard- 
yana), a planet having north latitude will be referred backward on thé 
ecliptic by a circle from the pole, and a planet having south latitude will 
be referred forward. If M, on the other hand, be upon the sun’s south- 
ward path (dakshindyana), a planet having north latitude at that point 
will be referred forward, and one having south latitude backward: this 
is the case illustrated by the figure. The statement of the text virtuall 
agrees with this, it being evident that, when M is on the northwar 
path, the declination of the point 90° in advance of it will be north; and 
the contrary. 

We come now to consider the other part of the operation, or the 
dksha drkkarman, which forms the subject of verses 7-9. As the first 
step, we are directed to ascertain the day and the night respectively of 
the point of the ecliptic at which the two planets are in conjunction ih 
longitude, for the purpose of determining also its distance in time from 
the horizon and from the meridian. This is accomplished as follows. 
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Having the longitude of the point in question (M in the last figure), 
we calculate (by ii. 28) its declination, which gives us (by ii. 60) the 
radius of its diurnal circle, and (by ii. 61) its ascensional difference ; 
whence, again, is derived (by ii. 62-63) the length of its day and night. 
Again, having the time of conjunction at M, we easily calculate the 
sun’s longitude at the moment, and this and the time together give us 
(by iii. 46-48) the longitude of C, the orient ecliptic-point: then (by 
iii, 50) we ascertain directly the difference between the time when M rose 
and that when C rises, which is the altitude in time (unnata) of M: the 
difference between this and the half-day is the meridian-distance in time 
(nata) of the same point. If the conjunction takes place when M is 
below the horizon, or during its night, its distance from the horizon and 
from the inferior meridian is determined in like manner. 

The direct object of this part of the general process being to find the 
value of s s’, we note first that that distance is evidently greatest at the 
horizon; farther, that it disappears at the meridian, where the lines PS 
and NS coincide. If, then, it is argued, its value at the horizon can be 
ascertained, we may assume it to vary as the distance from the meridian. 
The accompanying figure (Fig. 29) will illustrate the method by which 
itis attempted to calculate s s’ at the horizon. Suppose the planet S, 

Fig. 29. being removed in latitude to the distance 
MS from M, the point of the ecliptic 
which determines its longitude, to be upon 
the horizon, and let s’, as before, be the 
point to which it is referred by a circle 
from the north pole: it is desired to deter- 
mine the value of ss’. Let D R be the 
circle of diurnal revolution of the point 
M, meeting § s/ in ¢, and the horizon in w: 
S ¢ w may be regarded as a plane right-angled triangle, having its angles 
at S and w respectively equal to the observer’s latitude and co-latitude. 
In that triangle, to find the value of ¢ w, we should make the proportion 

costSw:sintSw::tS:tw 
Now the first of these ratios, that of the cosine to the sine of latitude, 
is (see above, iii. 17) the same with that of the gnomon to the equinoc- 
tial shadow: again, as the difference of M¢ and Ms’ was in the pre- 
ceding process neglected, so here the difference of SM and Sé; and 
finally, ¢w, the true result of the process, is accepted as the equivalent 
of ss, the distance sought. The proportion then becomes 
gnom. : eq. shad. :: latitude : required dist. at horizon 

The value of the required distance at the horizon having been thus 
ascertained, its value at any given altitude is, as pointed out above, deter- 
mined by a proportion, as follows: as the planet’s distance in time from 
the meridian when upon the horizon is to the value of this correction at 
the horizon, so is any given distance from the meridian (naéa) to the 
value at that distance; or 
half-day : mer.-dist. in time : : result of last proportion : required distance 
The direction in which the distance thus found is to be reckoned, start- 
ing in each case from the dyana graha, or place of the planet on the 
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ecliptic as determined by a secondary to the equator, which was ascer- 
tained by the preceding process, is evidently as the text states it in verse 
9. In the eastern hemisphere, which is the case illustrated by the figure, 
s’s is additive to the longitude of s’, while v/v is subtractive from the 
longitude of v: in the western hemisphere, the contrary would be the 
case. The final result thus arrived at is the longitude of the two points 
s and v, towhich § and V are referred by the circles NS and NY, 
drawn through them from the north and south points of the horizon. 

The many inaccuracies involved in these calculations are too palpable 
to require pointing out in detail. The whole operation is a roughly 
approximative one, of which the errors are kept within limits, and the 
result rendered sufficiently correct, only by the general minuteness of 
the quantity entering into it as its main element—namely, the latitude 
of a planet—and by the absence of any severe practical test of its accu- 
racy. It may be remarked that the commentary is well aware of, and 
points out, most of the errors of the processes, excusing them by its 
stereotyped plea of their insignificance, and the merciful disposition of 
the divine author of the treatise. 

Having thus obtained s and v, the apparent longitudes of the two 
planets at the time when their true longitude is M, the question arises, 
how we shall determine the time of apparent conjunction. Upon this 
point the text gives us no light at all: according to the commentary, we 
are to repeat the process prescribed in verses 2-6 above, determining, 
from a consideration of the rate and direction of motion of the planets 
in connection with their new places, whether the conjunction sought for 
is past or to come, and then ascertaining, by dividing the distance vs 
by their daily rate of approach or recession, the time of the conjunction. 
It is evident, however, that one of the elements of the process of correc- 
tion for latitude (akshadrkkarman), namely the meridian-distance, is 
changing so rapidly, as compared with the slow motion of the planets in 
their orbits, that such a process could not yield results at all approaching 
to accuracy: it also appears that two slow-moving planets might have 
more than one, and even several apparent conjunctions on successive 
days, at different times in the day, being found to stand together upon 
the same secondary to the prime vertical at different altitudes. We 
do not see how this difficulty is met by anything in the text or in 
the commentary. The text, assuming the moment of apparent conjunc- 
tion to have been, by whatever method, already determined, goes on to 
direct us, in verse 12, to calculate anew, for that moment, the latitudes 
of the two planets, in order to obtain their distance from one another. 
Here, again, is a slight inaccuracy: the interval between the two, meas- 
ured upon a secondary to the prime vertical, is not precisely equal to 
the sum or difference of their latitudes, which are measured upon second- 
aries to the ecliptic. The ascertainment of this interval is necessary, in 
order to determine the name and character of the conjunction, as will 
appear farther on (vv. 18-20, 22). 

The cases mentioned in verse 11, in which, as well as in calculating 
the conjunctions of two planets with one another, this operation for 
apparent longitude (drkkarman) needs to be performed, are the subjects 
of the three following chapters. ‘ 
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_ 18. The diameters upon the moon’s orbit of Mars, Saturn, 
Mercury, and Jupiter, are declared to be thirty, increased suc- 
cessively by half the half; that of Venus is sixty. 

14. These, divided by the sum of radius and the fourth hypoth- 
enuse, multiplied by two, and again multiplied by radius, are the 
respective corrected (sphuta) diameters: divided by fifteen, they 
are the measures (md@na) in minutes. 


We have seen above, in connection with the calculation of eclipses 
(iv. 2-5), that the diameters of the sun, moon, and shadow had to be 
reduced, for measurement in minutes, to the moon’s mean distance, at 
which fifteen yojanas make a minute of arc. Here we find the dimen- 
sions of the five lesser planets, when at their mean distances from the 
earth, stated only in the form of the portion of the moon’s mean orbit 
covered by them, their absolute size being left undetermined. We add 
them below, in a tabular form, both in yojanas and as reduced to min- 
utes, appending also the corresponding estimates of Tycho Brahe (which 
we take from Delambre), and the true apparent diameters of the plan- 
ets, as seen from the earth at their greatest and least distances. 


Apparent Diameters of the Planets, according to the Stirya-Siddhénta, 
to Tycho Brahe, and to Modern Science. 




















Planet, Sarya-Siddhanta : Tycho Moderns : 
in yojanas, in arc. Brahe. least. | greatest. 
Mars, 30 2’ 1’ go’ 4" a9" 
Saturn, 374 a’ Jo” y” oo 15° es 
Mercury, 45 3’ + 10” 4" 12/7 
Jupiter, 52} 3’ 30’ 2’ 45!" 30/’ 49!" 
Venus, 60 4! y 3 je a 











This table shows how greatly exaggerated are wont to be any deter- 
minations of the magnitude of the planetary orbs made by the unas- 
sisted eye alone. This effect is due to the well-known phenomenon of 
the irradiation, which increases the apparent size of a brilliant body 
when seen at some distance. It will be noticed that the Hindu esti- 
mates do not greatly exceed those of Tycho, the most noted and accu- 
rate of astronomical observers prior to the invention of the telescope. 
In respect to order of magnitude they entirely agree, and both accord 
with the relative apparent size of the planets, except that to Mercury 
and Venus, whose proportional brilliancy, from their nearness te the 
sun, is greater, is assigned too high a rank. Tycho also established a 
scale of apparent diameters for the fixed stars, varying from 2’, for thé 
first magnitude, down to 20”, for the sixth. We do not find that 
Ptolemy made any similar estimates, either for planets or for fixed stars. 

The Hindus, however, push their empiricism one step farther, gravely 
laying down a rule by which, from these mean values, the true values 
of the apparent diameters at any given time may be found. The funda- 
mental proportion is, of course, 


true dist. : mean dist. :: mean app. diam. : true "pp. diam. 
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The second term of this proportion is represented by radius: for the 
first we have, according to the translation given, one half the sum of 
radius and the fourth hypothenuse, by which is meant the “ variable 
hypothenuse” (cala karna) found in the course of the fourth, or last, 
process for finding the true place of the planet (see above, ii, 43-45). 
The term, however (tricatuhkarna), which is translated “radius and the 
fourth hypothenuse” is much more naturally rendered “third and fourth 
hypothenuses”; and the latter interpretation is also — by the 
commentator as one handed down by tradition (sémpraddayika) : but, 
he adds, owing to the fact that the length of the hypothenuse is not 
calculated in the third process, that for finding finally the equation of 
the centre (mandakarman), and that that hypothenuse cannot therefore 
be referred to here as known, modern interpreters understand the first 
member of the compound (ér2) as an abbreviation for “ radius” (tryyd), 
and translate it accordingly. We must confess that the other interpre- 
tation seems to us to be powerfully supported by both the letter of the 
text and the reason of the matter. The substitution of tri for riyyd in 
such a connection is quite too violent to be borne, nor do we see why 
half the sum of radius and the fourth hypothenuse should be taken as 
representing the planet’s true distance, rather than the fourth hypothe- 
nuse alone, which was employed (see above, ii. 56-58) in calculating the 
latitude of the planets. On the other hand, there is reason for adopt- 
ing, as the relative value of a planet’s true distance, the average, or half 
the sum, of the third hypothenuse, or the planet’s distance as affected 
by the eccentricity of its orbit, and the fourth, or its distance as affected 
by the motion of the earth in her orbit. There seems to us good 
reason, therefore, to suspect that verse 14—and with it, probably, also 
verse 13—is an intrusion into the Sairya-Siddhanta from some other sys- 
tem, which did not make the grossly erroneous assumption, pointed out 
under ii. 39, of the equality of the sine of anomaly in the epicycle 
(bhujajyaphala) with the sine of the equation, but in which the hypoth- 
enuse and the sine of the equation were duly caleulated in the process 
for finding the equation of the apsis (mandakarman), as well as in that 
for finding the equation of the conjunction (gighrakarman). 


15. Exhibit, upon the shadow-ground, the planet at the ex- 
tremity of its shadow reversed: it is viewed at the apex of the 
gnomon in its mirror. 


As a practical test of the accuracy of his calculations, or as a con- 
vincing proof to the pupil or other person of his knowledge and skill, 
the teacher is here directed to set up a gnomon upon ground properly 
prepared for exhibiting the shadow, and to calculate and lay off from the 
base of the gnomon, but in the opposite to the true direction, the shad- 
ow which a planet would cast at a given time ; upon placing, then, a 
horizontal mirror at the extremity of the shadow, the reflected image of 
the planet’s disk will be seen in it at the given time by an eye placed at 
the apex of the gnomon. The principle of the experiment is clearly 
correct, and the rules and processes taught in the second and third chap- 
ters afford the means of carrying it out, since from them the shadow 
which any star would cast, had it light enough, may be as readily deter- 
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mined as that which the sun actually casts. As no case of precisely this 
character has hitherto been presented, we will briefly indicate the course 
of the calculation. The day and night of the planet, and its distance 
from the meridian, or its hour-angle, are found in the same manner as in 
the process previously explained (p. 312, above), excepting that here the 
planet’s latitude, and its declination as affected by latitude, must be cal- 
culated, by ii. 56-58 ; and then the hour-angle and the ascensional differ- 
ence, by iii, na give the length of the shadow at the given time, 
together with that of its hypothenuse. The question would next be in 
what direction to lay off the shadow from the base of the gnomon., 
This is accomplished by means of the base (bhwa) of the shadow, or its 
value when projected on a north and south line. From the declination 
is found, by iii. 20-22, the length of the noon-shadow and its hypothe- 
nuse, and from the latter, with the declination, comes, by iii. 22-23, the 
measure of amplitude (agrdé) of the given shadow; whence, by iii. 23— 
25, is derived its base. Having thus both its length and the distance 
of its extremity from an east and west line running through the base of 
the gnomon, we lay it off without difficulty. 


16. Take two gnomons, five cubits (hasta) in height, stationed 
according to the variation of direction, separated by the inter- 
val of the two planets, and buried at the base one cubit. 

17. Then fix the two hypothenuses of the shadow, passing 
from the extremity of the shadow through the apex of each 
gnomon: and, to a person situated at the point of union of the 
extremities of the shadow and hypothenuse, exhibit 

18. The two planets in the sky, situated at the apex each of 
its own gnomon, and arrived at a coincidence of observed place 


(Grd... . 


This is a proceeding of much the same character with that which 
forms the subject of the preceding passage. In order to make appre- 
hensible, by observation, the conjunction of two planets, as calculated by 
the methods of this chapter, two gnomons, of about the height of a 
man, are set up. At what distance and direction from one another they 
are to be fixed is not clearly shown. The commentator interprets the 
expression “interval of the two planets” (v.16), to mean their distance in 
minutes on the secondary to the prime vertical, as ascertained according 
to verse 12, above, reduced to digits by the method taught in iv. 26; 
while, by “ according to the variation of direction,” he would understand 
merely, in the direction from the observer of the hemisphere in which the 
planets at the moment of conjunction are situated. The latter phrase, 
Sealves, as thus explained, seems utterly nugatory; nor do we see of 
what use it would be to make the north and south interval of the bases of 
the gnomons, in digits, correspond with that of the planets in minutes. 
We do not think it would be difficult to understand the directions given 
in the text as meaning, in effect, that the two gnomons should be so sta- 
tioned as to cast their shadows to the same point: it would be easy to 
do this, since, at the time in question, the extremities of two shadows 
cast from one gnomon by the two stars would be in the same north and 
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south line, and it would only be necessary to set the second gnomon as 
far south of the first as the end of the shadow cast by the southern star 
was north of that cast by the other. Then, if a hole were sunk in the 
ground at the point of intersection of the two shadows, and a person 
enabled to place his eye there, he would, at the proper moment, see both 
the planets with the same glance, and each at the apex of its own gnomon. 

In the eighteenth verse also we have ventured to disregard the author- 
ity of the commentator: he translates the words drktulyatém itds 
“come within the sphere of sight,” while we understand by drktulyaté, 
as in other cases (ii. 14, iii. 11), the coincidence between observed and 
computed position. 

Such passages as this and the preceding are not without interest and 
value, as exhibiting the rudeness of the Hindu methods of observation, 
and also as showing the unimportant and merely illustrative part which 
observation was meant to play in their developed system of astronomy. 


18. . . . When there is contact of the stars, it is styled * de- 
piction” (wllekha) ; when there is separation, “ division” (bheda) ; 

19. An encounter (yuddha) is called “ray-obliteration” (angu- 
vimarda) when there is mutual mingling of rays: when the inter- 
val is less than a degree, the encounter is named “dexter” (apa- 
savya)—if, in this case, one be faint (anw). 

20. If the interval be more than a degree, it is “conjunction” 
(samdgama), if both are endued with power (bala). One that is 
vanquished (jita) in a dexter encounter (apasavya yuddha), one 
that is covered, faint (anw), destitute of brilliancy, 

21. One that is rough, colorless, struck down (vidhvasta), situ- 
ated to the south, is utterly vanquished (vijita). One situated to 
the north, having brilliancy, large, is victor (jayin)—and even in 
the south, if powerful (bain). 

22. Even when closely approached, if both are brilliant, it is 
“conjunction” (samdgama) : if the two are very small, and struck 
down, it is “front” (kta) and “conflict” (vigraha), respectively. 

23. Venus is generally victor, whether situated to the north or 
to the south. ... 

In this passage, as later in a whole chapter (chap. xi), we quit the 
proper domain of astronomy, and trench upon that of astrology. How- 
ever intimately connected the two sciences may be in practice, they are, 
in general, kept distinct in treatment—the Siddhantas, or astronomical 
text-books, furnishing, as in the present instance, only the scientific basis, 
the data and methods of calculation of the positions of the heavenly 
bodies, their eclipses, conjunctions, risings and settings, and the like, 
while the Sanhitas, Jatakas, Tajikas, etc., the astrological treatises, make 
the superstitious applications of the science to the explanation of the 
planetary influences, and their determination of human fates. Thus the 
celebrated astronomer, Varaha-mihira, besides his astronomies, com- 
posed separate astrological works, which are still extant, while the for- 
mer have become lost. It is by no means impossible that these verses 
may be an interpolation into the original text of the Sirya-Siddhanta. 
They form only a disconnected fragment: it is not to be supposed that 
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they contain a complete statement and definition of all the different 
kinds of conjunction recognized and distinguished by technical appella- 
tions; nor do they fully set forth the circumstances which determine the 
result of a hostile “encounter” between two planets: while a detailed 
explanation of some of the distinctions indicated—as, for instance, when 
a planet is “ powerful” or the contrary—could not be given without enter- 
ing quite deeply into the subject of the Hindu astrology. This we do 
not regard ourselves as called upon to do here: indeed, it would not be 
possible to accomplish it satisfactorily without aid from original sources 
which are not accessible to us. We shall content ourselves with follow- 
ing the example of the commentator, who explains simply the sense and 
connection of the verses, as given in our translation, citing one or two 
parallel passages from works of kindred subject. We would only point 
out farther that it has been shown in the most satisfactory manner (as by 
Whish, in Trans. Lit. Soc. Madras, 1827; Weber, in his Indische Studien, 
ii, 236 etc.) that the older Hindu science of astrology, as represented by 
Varaha-mihira and others, reposes entirely upon the Greek, as its later 
forms depend also, in part, upon the Arab; the latter connection being 
indicated even in the common title of the more modern treatises, tajika, 
which comes from the Persian tézt, “ Arab.” Weber gives (Ind. Stud. 
ii. 277 etc.) a translation of a passage from Varaha-mihira’s lesser treat- 
ise, which states in part the circumstances determining the “power” of a 
planet in different situations, absolute or relative: partial explanations 
upon the same subject furnished to the translator in India by his native 
assistant, agree with these, and both accord closely with the teachings 
of the Tetrabiblos, the astrological work attributed to Ptolemy. 


23. . . . Perform in like manner the calculation of the con- 
junction (samyoga) of the planets with the moon. 


This is all that the treatise says respecting the conjunction of the 
moon with the lesser planets : of the phenomenon, sometimes so striking, 
of the occultation of the latter by the former, it takes no especial notice. 
The commentator cites an additional half-verse as sometimes included in 
the chapter, to the effect that, in calculating a conjunction, the moon's 
latitude is to be reckoned as corrected by her parallax in latitude (ava- 
nati), but rejects it, as making the chapter over-full, and as being super- 
flnous, since the nature of the case determines the application less of 
the general rules for parallax presented in the fifth chapter. Of any 
nya of the planets themselves nothing is said: of course, to calcu- 
ate the moon’s parallax by the methods as already given is, in effect, to 
attribute to them all a horizontal parallax of the same value with that 
assigned to the sun, or about 4’. 

e final verse of the chapter is a caveat against the supposition that, 
when a “ conjunction” of two planets is spoken of, onything more is 


meant than that they appear to approach one another; while neverthe- 
less, this apparent approach requires to be treated of, on account of its 
influence upon human fates. 

24. Unto the good and evil fortune of men is this system set 
forth : the planets move on upon their own paths, approaching 
one another at a distance. 








Sarya-Siddhdnta. 


CHAPTER VIII. 


OF THE ASTERISMS,. 


ConTENTS :—1-9, positions of the asterisms; 10-12, of certain fixed stars ; 12, direc- 
tion to test by observation the accuracy of these positions; 13, splitting of 
Rohini’s wain ; 14-15, how to determine the conjunction of a planet with an 
asterism ; 16-19, which is the junction-star in each asterism ; 20-21, positions of 
other fixed stars. 


1. Now are set forth the positions of the asterisms (dha), in 
minutes. If the share of each one, then, be multiplied by ten, 
and increased by the minutes in the portions (bhoga) of the past 
asterisms (dhishnya), the result will be the polar longitudes 
(dhruva). 


The proper title of this chapter is nakshatragrahayutyadhikara, “ chap- 
ter of the conjunction of asterisms and planets,” but the subject of con- 
junction occupies but a small space in it, being limited to a direction 
(vv. 14-15) to apply, with the necessary modifications, the methods 
taught in the preceding chapter. The chapter is mainly occupied with 
such a definition of the positions of the asterisms—to which are added 
also those of a few of the more prominent among the fixed stars—as is 
necessary in order to render their conjunctions capable of being calculated. 

Before proceeding to give the passage which states the positions of 
the asterisms, we will explain the manner in which these are defined. In 
the accompanying figure (Fig. 30}, let E L represent the equator, and C 
L the ecliptic, P and P’ being their respec- 
tive poles. Let S be the position of any 
given star, and through it draw the circle 
of declination P Sa. Thena is the point 
on the ecliptic of which the distance from 
the first of Aries and from the star respec- 
tively are here given as its longitude and 
latitude. So far as the latitude is con- 
cerned, this is not unaccordant with the 
usage of the treatise hitherto. Latitude 
(vikshepa, “ disjection”) is the amount by 
which any body is removed from the 
declination which it ought to have—that 
is, from the point of the ecliptic which it 
ought to occupy—declination (kranti, apa- 
krama) being always, according to the 
Hindu understanding of the term, in the 
ecliptic itself. In the case of a planet, 
whose proper path is in the ecliptic, the 
point of that circle which it ought to oceu- 
py is determined’ by its calculated longi- 
tude: in the case of a fixed star, whose only motion is about the pole of 
the heavens, its point of declination is that to which it is referred by a 


Fig. 30. 
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circle thivugh that pole. Thus, in the figure, the declination (Aranti) of 
S would be ¢ a, or the distance of a from the equator at ¢ : its latitude 
(vikshepa) is a S, or its distance from a. We have, accordingly, the 
same term used here as before. To designate the position in longitude 
of a, on the other hand, we have a new term, dhruva, or, as below, (vv. 
12, 15), dhruvaka, This comes from the adjective dhruva, “fixed, im- 
movable,” by which the poles of the heaven (see below, xii. 43) are desig- 
nated; and, if we do not mistake its application, it indicates, as here 
employed, the longitude of a star as referred to the ecliptic by a circle 
from the pole, e venture, then, to translate it by “polar longitude,” 
as we also render vikshepa, in this connection, by “ polar latitude,” it 
being desirable to have for these quantities distinctive names, akin 
with one another. Colebrooke employs “ apparent longitude and lati- 
tude,” which are objectionable, as being more properly applied to the 
results of the process taught in the last chapter (vv. 7-10). 

The mode of statement of the polar longitudes is highly artificial and 
arbitrary : a number is wchochnd | which, when multiplied by ten, will 
give the position of each asterism, in minutes, in its own “portion” 
(hoga), or arc of 18° 20’ in the ecliptic (see ii. 64). 

is passage presents a name for the asterisms, dhishnya, which has 
not occurred before ; it is found once more below, in xi. 21. 


2, Forty-eight, forty, sixty-five, fifty-seven, fifty-eight, four, 
own seventy-six, fourteen, 

3. Fifty-four, sixty-four, fifty, sixty, forty, seventy-four, sev- 
enty-eight, sixty-four. 

4. Fourteen, six, four: Uttara-Ashidha, (vdi¢va) is at the 
middle of the portion (bhoga) of Pirva-Ashadha (dpya); Abhi- 
jit, likewise, is at the end of Pirva-Ashadha; the position of 
Qravana is at the end of Uttara-Ashadhé ; 

5. Cravishtha, on the other hand, is at the point of connec- 
tion of the third and fourth quarters (pada) of Qravana: then, 
in their own portions, eighty, thirty-six, twenty-two, 

6. Seventy-nine. Now their respective latitudes, reckoned 
from the point of declination (apakrama) of each: ten, twelve, 
five, north; south, five, ten, nine; 

7. North, six; nothing; south, seven ; north, nothing, twelve, 
thirteen; south, eleven, two; then thirty-seven, north; 

8. South, one and a half, three, four, nine, five and a half, five ; 
north, also, sixty, thirty, and also thirty-six ; 

9. South, half a degree; twenty-four, north, twenty-six degrees; 
nothing—for Acvinf (dasra), etc., in succession. 


The text here assumes that the names of the asterisms, and the order 
of their succession, are so familiarly known as to render it unnecessary 
to rehearse them, It has been already noticed (see above, i. 48-51, 55, 
56-58, ete.) that a similar assumption was made as regards the names 
and succession of the months, signs of the zodiac, years of Jupiter's 
cycle, and the like. Many of the asterisms have more than one appel- 
lation : we present in the annexed table those by which they are more 
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goes and familiarly known; the others will be stated farther on. 
early all these titles are to be found in our text, occurring here and 
there; a few of the asterisms, however, (the 5th, 6th, 9th, and 17th), 
are mentioned only by appellations derived from the names of the dei- 
ties to whom they are regarded as belonging, and one (the 25th) chances 
not to be once distinctively spoken of. We append to the names, in a 
tabular form, the data presented in this passage; namely, the position 
of each asterism (nakshaira) in the arc of the ecliptic to which it gives 
name, and which is styled its “ portion” (bhoga), the resulting polar lon- 
gitudes, and the polar latitudes. And since it is probable (see note to 
the latter half of v. 12, below) that the latter were actually derived by 
calculation from true declinations and right ascensions, ascertained by 
observation, we have endeavored to restore those more original data by 
calculating them back again, according to the data and methods of this 
Siddhanta—the declinations by ii. 28, the right ascensions by iii. 44-48 
—and we insert our results in the table, rejecting odd minutes less than 
ten. 
Positions of the Junction-Stars of the Asterisms, 





wis |Longhate| Latads, [Aston Decision tha, | 
Portion, |“ © Longitude.| R. A, 
oh ° ‘ ° ‘ ° i ° ‘ 
8 o oN.| 7 30 
6 40 o“| 18 30 17 
10 50 o| 35 20 24 
9 30 08.) 47 20 13 
9 40 o“| 61 o 4 
0 40 o“| 65 40 25 
13 0 ON.| 93 10 13 
12 40 oO 107 10 3 
2 20 0§,| 110 30 on 
9 0 oO 131 10 15 
10 40 ON,| 146 10 fe 
8 20 156 50 5 
10 Oo 08.) 170 40 *6 
6 4o o | 180 o 19 
12 20 oN.) 197 40 | 34 
i3 .0 .| 210 5o os 
10 40 221 5o 5 
2 20 226 50 28 
Io 238 5o 13 
0 40 252 50 6 
259 20 6 
.| 266 20 | 43 
280 5o 86 
291 30 30 
.| 322 10 | 6 
-| 328 10 M 96 
338 40 as 
359 50 8 
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Fig. 31. 


. Acvini. 


. Bharani. 


. Krttika, 


. Rohini. 


. Mrgacirsha. 
. Ardra. 


. Punarvasu. 


. Pushya. 
-9, Aclesha. 


—10, Magha. 


11, 
P.-Ph. 


—11. P,-Phalguni. 


12, 
U.-Ph. 
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Our calculations, it should be remarked, are founded upon the as- 
sumption that, at the time when the observations were made of which 
our text records the results, the vernal equinox coincided with the 
initial point of the Hindu sidereal sphere, or with the beginning of 
the portion of the asterism Acvini, a point 10’ eastward on the ecliptic 
from the star ¢ Piscium : this was actually the case (see above, under i. 
27) about A. D. 560. The question how far this assumption is sup- 
ported by evidence contained in the data themselves will be considered 
later. To fill out the table, we have also added the intervals in right 
ascension and in polar longitude. 

The stars of which the text thus accurately defines the positions do 
not, in most cases, by themselves alone, constitute the asterisms (nak- 
shatra); they are only the principal members of the several groups of 
stars—each, in the calculation of conjunctions (yoga) between the plan- 
ets and the asterisms (see below, vv. 14-15), representing its group, and 
therefore called (see below, vv. 16-19) the “junction-star” (yogatard) of 
the asterism. 

It will be at once noticed that while, in a former passage (ii. 64), the 
ecliptic was divided into twenty-seven equal arcs, as portions for the aster- 
isms, we have here presented to us twenty-eight asterisms, very unequally 
distributed along the ecliptic, and at greatly varying distances from it. 
And it is a point of so much consequence, in order to the right under- 
standing of the character and history of the whole system, to apprehend 
clearly the relation of the groups of stars to the ares allotted to them, 
that we have prepared the accompanying diagram (Fig. 31) in illustra- 
tion of that relation. The figure represents, in two parts, the circle of 
the ecliptic : along the central lines is marked its division into arcs of 
ten and five degrees : upon the outside of these lines it is farther divided 
into equal twenty-sevenths, or arcs of 13° 20’, and upon the inside into 
equal twenty-eighths, or arcs of 12° 513’; these being the portions 
(bhoga) of two systems of asterisms, twenty-seven and twenty-eight in 
number respectively. The starred lines which run across all the divisions 
mark the polar longitudes, as stated in the text, of the junction-stars of 
the asterisms. The names of the latter are set over against them, in the 
inner columns: the names of the portions in the system of twenty-seven 
are given in full in the outer columns, and those in the system of twenty- 
eight are also placed opposite the portions, upon the inside, in an abbre- 
viated form. 

The text nowhere expressly states which one of the twenty-eight aster- 
isms which it recognizes is, in its division of the ecliptic into only twenty- 
seven portions, left without a portion. That Abhijit, the twenty-second 
of the series, is the one thus omitted, however, is clearly implied in the 
statements of the fourth and fifth verses. Those statements, which have 
caused difficulty to more than one expounder of the passage, and have 
been variously misinterpreted, are made entirely clear by supplying the 
words “ asterism” and “ portion” throughout, where they are to be under- 
stood, thus: “ the asterism Uttara-Ashadha is at the middle of the por- 
tion styled Pirva-Ashadh&; the asterism Abhijit, likewise, is at the end 
of the portion Pirva-Ashadha; the position of the asterism Qravana is 
at the end of the portion receiving its name from Uttara-Ashadha ; while 
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the asterism Cravishtha is between the third and fourth quarters of the 
portion named for Cravana.” After this interruption to the regularity of 
correspondence of the two systems—the asterism Abhijit being left with- 
out a portion, and the portion Qravishtha a no asterism—they 
go on again harmoniously together to the close. The figure illustrates 
clearly this condition of things, and shows that, if Abhijit be left out of 
account, the two systems agree so far as this—that twenty-six asterisms 
fall within the limits of portions bearing the same name, while all the 
discordances are confined to one portion of the ecliptic, that comprising 
the 20th to the 23d portions. If, on the other hand, the ecliptic be divi- 
ded into twenty-eighths, and if these be assigned as portions to the 
twenty-eight asterisms, it is seen from the figure that the discordances 
between the two systems will be very great; that only in twelve instan- 
ces will a portion be occupied by the asterism bearing its own name, and 
by that alone; that in sixteen cases asterisms will be found to fall within 
the limits of portions of different name; that four portions will be -left 
without any asterism at all, while four others will contain two each. 
These discordances are enough of themselves to set the whole sub- 
ject of the asterisms in a new light. Whereas it might have seemed, 
from what we have seen of it heretofore, that the system was founded 
upon a division of the ecliptic into twenty-seven equal portions, and the 
selection of a star or a constellation to mark each portion, and to be, as 
it were, its ruler, it now appears that the series of twenty-eight aster- 
isms may be something independent of, and anterior to, any division of 
the ecliptic into equal arcs, and that the one may have been only arti- 
ficially brought into connection with the other, complete harmony 
between them being altogether impossible. And this view is fully sus- 
tained by evidence derivable from outside the Hindu science of astron- 
omy, and beyond the borders of India. The Parsis, the Arabs, and the 
Chinese, are found also to be in possession of a similar system of divi- 
sion of the heavens into twenty-eight portions, marked or separated by 
as many single stars or constellations. Of the Parsi system little or 
nothing is known excepting the number and names of the divisions, 
which are given in the second chapter of the Bundehesh (see Anquetil 
du Perron’s Zendavesta, etc., ii. 349). The Arab divisions are styled 
mandzil al-kamar, “ lunar mansions, stations of the moon,” being brought 
into special connection with the moon’s revolution; they are marked, 
like the Hindu “ portions,” by groups of stars. The first extended com- 
arison of the Hindu asterisms and the Arab mansions was made by Sir 
Villiam Jones, in the second volume of the Asiatic Researches, for 1790: 
it was, however, only a rude and imperfect sketch, and led its author to 
no valuable or trustworthy conclusions. The same comparison was taken 
up later, with vastly more learning and acuteness, by Colebrooke, whose 
valuable article, published also in the Asiatic Researches, for 1807 (ix. 
323, etc.; Essays ii. 321, etc.), has ever since remained the chief source 
of knowledge respecting the Hindu asterisms and their relation to the 
lunar mansions of the Arabs. To Anquetil (as above) is due the credit 
of the first suggestion of a coincidence between the Parsi, Hindu, and 
Chinese systems: but he did nothing more than suggest it: the origin, 
character, and use of the Chinese divisions were first established, and 
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their primitive identity with the Hindu asterisms demonstrated, by Biot, 
in a series of articles published in the Journal des Savants for 1840: and 
he has more recently, in the volume of the same Journal for 1859, re- 
viewed and restated his former exposition and conclusions. These we 
shall present more fully hereafter: at present it will be enough to say 
that the Chinese divisions are equatorial, not zodiacal; that they are 
named siew, “mansions”; and that they are the intervals in right ascen- 
sion between certain single stars, which are also called siew, and have the 
same title with the divisions which they introduce. We propose to pre- 
sent here a summary comparison of the Hindu, Arab, and Chinese sys- 
tems, in connection with an identification of the stars and groups of 
stars forming the Hindu asterisms, and with the statement of such 
information respecting the latter, beyond that given in our text, as will 
best contribute to a full understanding of their character. 

The identification of the asterisms is founded upon the positions of 
their’principal or junction-stars, as stated in the astronomical text-books, 
upon the relative places of these stars in the groups of which they form 
a part, and upon the number of stars composing each group, and the 
figure by which their arrangement is represented: in a few cases, too, 
the names themselves of the asterisms are distinctive, and assist the iden- 
tification. The number and configuration of the stars forming the groups 
are not stated in our text; we derive them mainly from Colebrooke, 
although ourselves also having had access to, and compared, most of his 
authorities, namely the (akalya-Sanhité, the Muharta-Cintamani, and 
the Ratnamala (as cited by Jones, As. Res., ii. 294). Sir William Jones, 
it may be remarked, furnishes (As. Res., 11. 293, plate) an engraved copy 
of drawings made by a native artist of the figures assigned to the aster- 
isms. For the number of stars in each group we have an additional 
authority in al-Birdni, the Arab savant of the eleventh century, who 
travelled in India, and studied with especial care the Hindu astronomy. 
The information furnished by him with regard to the asterisms we derive 
from Biot, in the Journal des Savants for 1845 (pp. 39-54) ; it professes 
to be founded upon the Khanda-Kataka* of Brahmagupta. Al-Birdni 
also gives an identification of the asterisms, so far as the Hindu astrono- 
mers of his day were able to furnish it to him, which was only in part: 
he is obliged to mark seven or eight of the series as unknown or doubt- 
ful. He speaks very slightingly of the practical acquaintance with the 
heavens possessed by the Hindus of his time, and they certainly have 
not since improved in this respect; the modern investigators of the 
same subject, as Jones and Colebrooke, also complain of the impossi- 
bility of obtaining from the native astronomers of India satisfactory 
identifications of the asterisms and their junction-stars. The translator, 
in like manner, spent much time and effort in the attempt to derive 
such information from his native assistant, but was able to arrive at no 
results which could constitute any valuable addition to those of Cole- 
brooke. It is evident that for centuries past, as at present, the native 





* The true form of the name is not altogether certain, it being known only 
through its Arabic transcription : it seems to designate rather a chapter in a treatise 
than a complete work of its author. 
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tradition has been of no decisive authority as regards the position and 
composition of the groups of stars constituting the asterisms: these 
must be determined upon the evidence of the more ancient data handed 
down in the astronomical treatises. 

In order to an exact comparison of the positions of the junction-stars 
as defined by the Hindus with those of stars contained in our cata- 
logues, we have reduced the polar longitudes and latitudes to true longi- 
tudes and latitudes, by the following formulas (see Fig. 30): 

(1+cos Aa) cot ELC = tan Sad 
sin Sad sin Sa = sin Sd 
tan Sd cot Sab= sin ab 

Aa being the polar longitude as stated in the text (= La-+ 180°), Sa 
the polar latitude, E L C the inclination of the ecliptic, 8 6 the true lati- 
tude, and ad a quantity to be added to or subtracted from the polar lon- 
gitude to give the true longitude. The true positions of the stars com- 
pared we take from Flamsteed’s Catalogus Brittanicus, subtracting in 
each case 15° 42’ from the longitudes there given, in order to reduce 
them to distances from the vernal equinox of A. D. 560, assumed to 
coincide with the initial point of the Hindu sphere, There is some 
discordance among the ditterent Hindu authorities, as regards the stated 
positions of the junction-stars of the asterisms. The Cakalya-Sanhitd, 
indeed, agrees in every point precisely with the Sirya-Siddhanta. But 
the Siddhanta-Ciromani often gives a somewhat different value to the 
polar longitude or latitude, or both. With it, so far as the longitude is 
concerned, exactly accord the Brahma-Siddhanta, as reported by Cole- 
brooke, and the Khanda-Kataka, as reported by al-Birani. The lati- 
tudes of the Brahma-Siddhanta also are virtually the same with those of 
the Siddhanta-Ciromani, their differences never amounting, save in a 
single instance, to more than 3’: but the latitudes of the Khanda-Kataka 
often vary considerably from both. The Graha-Laghava, the only other 
authority accessible to us, presents a series of variations of its own, inde- 
pendent of those of either of the other treatises. All these differences 
are reported by us below, in treating of each separate asterism. The 
presiding divinities of the asterisms we give upon the authority of the 
TAittiriya-Sanhita (iv. 4.10. 1-3), the Taittiriya-~-Brahmana (iii. 1. 1,2, as 
cited by Weber, Zeitsch. f. d. K. d. Morg., vii. 266 etc., and Ind. Stud., 
i. 90 etc.), the Muhdirta-Cintamani, and Colebrooke: those of about 
half the asterisms are also indirectly given in our text, in the form of 
appellations for the asterisms derived from them. 

The names and situations of the Arab lunar stations are taken from 
Ideler’s Untersuchungen iiber die Sternnamen: for the Chinese man- 
sions and their determining stars we rely solely upon the articles of 
Biot, to which we have already referred. 

It has seemed to us advisable, notwithstanding the prior treatment by 
Colebrooke of the same subject, to enter into a careful re-examination 
and identification of the Hindu asterisms, because we could not accept 
in the bulk, and without modification, the conclusions at which he arrived. 
The identifications by Ideler of the Arab mansions, more thorough and 
correct than any which had been previously made, and Biot’s compari- 
son of the Chinese sieu, have placed new and valuable materials in our 
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hands: and these—together with a more exact comparison than was 
attempted by Colebrooke of the positions given by the Hindus to their 
junction-stars with the data of the modern catalogues, and a new and 
independent combination of the various materials which he himself fur- 
nishes—while they have led us to accept the greater number of his iden- 
tifications, often establishing them more confidently than he was able to 
do, have also enabled us in many cases to alter and amend his results. 
Such a re-examination was necessary, in order to furnish safe ground for 
a more detailed comparison of the three systems, which, as will be seen 
hereafter, leads to important conclusions respecting their historical rela- 
tions to one another. 













































1. Agvint ; this treatise exhibits the form agvini ; in the older lists, 
as also often elsewhere, we have the dual agvindu, agvayujdu, “ the two 
horsemen, or Acvins.” The Agvins are personages in the ancient Hindu 
mythology somewhat nearly corresponding to the Castor and Pollux of 
the Greeks. They are the divinities of the asterism, which is named 
from them. The group is figured as a horse’s head, doubtless in allusion 
to its presiding deities, and not from any imagined resemblance. The 
dual name leads us to expect to find it composed of two stars, and that 
is the number allotted to the asterism by the Qakalya and Khanda- 
Kataka. The Sarya-Siddhanta (below, v. 16) designates the northern 
member of the group as its junction-star: that this is the star @ Arietis 
(magn. 3.2), and not @ Arietis (magn. 2), as assumed by Colebrooke, is 
shown by the following comparison of positions : 

Acvini. . . . long., A.D, 560, 11° 59’ . . « « lat. 9° 11’ N. 

8 Arietis . . . do. 13° 56’. . . . do. 8° 28’ N. 

a Arietis .. . do. Payers sc PSH Ss. 

Colebrooke was misled in this instance by adopting, for the number 
of stars in the asterism, three, as stated by the later authorities, and then 
applying to the group as thus composed the designation given by our 
text of the relative position of the junction-star as the northern, and he : 
accordingly overlooked the very serious error in the determination of 
the longitude thence resulting. Indeed, throughout his comparison, he 
gives too great weight to the determination of latitude, and too little to 
that of longitude : we shall see farther on that the accuracy of the lat- 
ve is, upon the whole, much more to be depended upon than that of the 

ormer, 

Considered as a group of two stars, Agvini is composed of # and 7 
Arietis (magn. 4.8); as a group of three, it comprises also @ in the same 
constellation. 

There is no discordance among the different authorities examined by 
us as regards the position of the junction-star of Agvini, either in lati- 
tude or in longitude. The case is the same with the 8th, 10th, 12th, 
and 13th asterisms, and with them alone. 

The first Arab manzil is likewise composed of 8 and y Arietis, to 
which some add a: it is called ash-Sharatin, “the two tokens”—that is 
to say, of the opening year. 

The Chinese series of siew commences, as did anciently the Hindu 
system of asterisms, with that which is later the third asterism. The 
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twenty-seventh siew, named Leu (M. Biot has omitted to give us the 
signification of these titles), is 8 Arietis, the Hindu junction-star. 

2. Bharani ; also, as plural, bharanyas ; from the root bhar, “carry” : 
in the Taittiriya lists the form apabharani, “bearer away,” in singular 
and plural, is also found. Its divinity is Yama, the ruler of the world 
of departed spirits ; it is figured as the yoni, or pudendum muliebre. 
All authorities agree in assigning it three stars, and the southernmost is 
pointed out below (v.18) as its junction-star. The group is unquestion- 
ably to be identified with the triangle of faint stars lying north of the 
back of the Ram, or 35, 39, and 41 Arietis: they are figured by some as 
a distinct constellation, under the name of Musca Borealis. The desig- 
nation of the southern as the junction-star is not altogether unambigu- 
ous, as 35 and 41 were, in A. D. 560, very nearly equidistant from the 
equator; the latter would seem more likely to be the one intended, 
since it is nearer the ecliptic, and the brightest of the group—being of 
the third magnitude, while the other two are of the fourth: the defined 
position, however, agrees better with 35, and the error in longitude, as 
compared with 41, is greater than that of any other star in the series : 


Bharani af? 35" 5... Ba? OE, 
85 Arietis (a Musee) . . 26°54’... . 119 17’ N, 
41 Arietis (ec Musee) . . 28° 10’. . . . 10° 26/N, 


The Graha-Laghava gives Bharani 1° more of polar longitude: this 
would reduce by the same amount the error in the determination of its 
longitude by the other authorities. 

The second Arab manzil, al-Butain, “the little belly’—i. e., of the 
Ram—is by most authorities defined as comprising the three stars in the 
haunch of the Ram, or «, 5, and 9° (or else ¢) Arietis. Some, however, 
have regarded it as the same with Musca; and we cannot but think that 
al-Birfini, in identifying, as he does, Bharani with al-Butain, meant to 
indicate by the latter name the group of which the Hindu asterism is 
actually composed. 

The last Chinese siew, Oei, is the star 35 Arietis, or a Musce. 

3. Kritika ; or, as plural, kritikds : the appellative meaning of the 
word is doubtful. The regent of the asterism is Agni, the god of fire. 
The group, composed of six stars, is that known to us as the Pleiades. 
It is figured by some as a flame, doubtless in allusion to its presiding 
divinity : the more usual representation of it isa razor, and in the choice 
of this symbol is to be recognized the influence of the etymology of the 
name, which may be derived from the root kart, “cut;” in the configur- 
ation of the group, too, may be seen, by a sufficiently prosaic eye, a 
broad-bladed knife, with a short handle. If the designation given below 
(v. 18) of the southern member of the group as its junction-star, be 
strictly true, this is not Alcyone, or 7 Tauri (magn. 3), the brightest of 
the six, but either Atlas (27 Tauri: magn. 4) or Merope (23 Tauri: 
magn. 5): the two latter were very nearly equally distant from the 
equator of A. D. 560, but Atlas is a little nearer to the ecliptic. The 
defined position agrees best with Alcyone, nor can we hesitate to regard 
this as actually the junction-star of the asterism. We compare the posi- 
tions below : 
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Krttika .. . . . 39° 8 2... . 4° 44'N. 
Aleyone ... . 39° 58’... . « 4° WN, 
97 Tauri . . . . 40% 20’ . . « © « 3° 53’ N. 
$3 Tawi... ... « 39° Gp’. 2s - « 39.55 B. 


The Siddhanta-Ciromani etc. give Krttika 2’ less of polar longitude 
than the Stirya-Siddhanta, and the Graha-Laghava, on the other hand, 
30! more: the latter, with the Khanda-Kataka, agree with our text as 
regards the polar latitude, which the others reckon at 4° 30’, instead of 5°. 

The Pleiades constitute the third manzil of the Arabs, which is de- 
nominated ath-Thuraiya, “the little thick-set group,” or an-Najm, “the 
constellation.” Aleyone is likewise the first Chinese stew, which is 
styled Mao. 

4. Rohini, “ruddy” ; so named from the hue of its principal star. 
Prajapati, “the lord of created beings,” is the divinity of the asterism. 
It contains five stars, in the grouping of which Hindu fancy has seen the 
figure of a wain (compare v. 13, below) ; some, however, figure it as a 
temple. The constellation is the well-known one in the face of Taurus 
to which we give the name of the Hyades, containing «, 0, 7, +, Tauri; 
the latter, the most easterly (v.19) and the brightest of the group— 
being the brilliant star of the first magnitude known as Aldebaran—is 
the junction-star, as is shown by the annexed comparison of positions : 


ae BP gi. en OK Sh. 
Aldebaran .. . 49° 45’... . §° 30’8. 


The Siddhanta-Ciromani etc. here again present the insignificant vari- 
ation from the polar longitude of our text, of 2’ less: the former also 
makes its polar latitude 4° 30’: the Graha-Laghava reads, for the polar 
longitude, 49°. All these variations add to the error of defined position. 

The fourth Arab manzil is composed of the Hyades: its name is ad- 
Dabaran, “the follower”—i. e., of the Pleiades. We would suggest the 
inquiry whether this name may not be taken as an indication that the 
Arab system of mansions once began, like the Chinese, and like the 
Hindu system originally, with the Pleiades. There is, certainly, no ve 
obvious propriety in naming any but the second of a series the “ follow- 
ing” (sequens or secundus). Modern astronomy has retained the title as 
that of the principal star in the group, to which alone it was often also 
applied by the Arabs. 

The second Chinese stew, Pi, is the northernmost member of the same 
group, or ¢ Tauri, a star of the third to fourth magnitude. 

5. Mrgagirsha, or mrgagiras, “ antelope’s head”: with this name the 
figure assigned to the asterism corresponds : the reason for the designa- 
tion we have not been able to discover. Its divinity is Soma, or the 
moon. It contains three stars, of which the northern (v. 16) is the 
determinative. These three can be no other than the faint cluster in the 
head of Orion, or 4, 1, p? Orionis, although the Hindu measurement 
of the position of the junction-star, 4 (magn. 4), is far from accurate, 
especially as regards its latitude : 


Mrgacirsha . . . . 61° 3’... 9° 49/8. 
a Opens ~~... GS? G0 4 te eee 
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In this erroneous determination of the latitude all authorities agree : 
the Graha-Laghava adds 1° to the error in polar longitude, reading 62° 
instead of 63°. 

Here again there is an entire harmony among the three systems com- 
pared. The Arab manzil, al-Hak’ah, is composed of the same stars 
which make up the Hindu asterism: the third stew, named Tse, is the 
Hindu _junction-star, 4 Orionis. 

6. Ardrd, “ moist :” the appellation very probably has some meteoro- 
logical ground, which we have not traced out: this is indicated also by 
the choice of Rudra, the storm-god, as regent of the asterism. It com- 
prises a single star only, and is figured asa gem. It is impossible not to 
regard the bright star of the first magnitude in Orion’s right shoulder, 
or @ Orionis, as the one here meant to be designated, notwithstanding 
the very grave errors in the definition of its position given by our text : 
the only visible star of which the situation at all nearly answers to that 
definition is 135 Tauri, of the sixth magnitude; we add its position 
below, with that of « Orionis : 


a 65° 5o’ . 2. . 8° 538, 
@ Orionis. . . . 68° 43’. . . . 16° 4'§. 
1385 Tauri . . . 67° 38’... . 9° 10'S. 


The distance from the sun at which the heliacal rising and setting of 
Ardr& is stated below (ix. 14) to take place would indicate a star of about 
the third magnitude; this adds to the difficulty of its identification with 
either of the two stars compared. We confess ourselves unable to 
account for the confusion existing with regard to this asterism, of which 
al-Birani also could obtain no intelligible account from his Indian 
teachers. But it is to be observed that all the authorities, excepting our 
text and the Qakalya-Sanhita, give Ardra 11° of polar latitude instead 
of 9°, which would reduce the error of latitude, as compared with a 
Orionis, to an amount very little greater than will be met with in one or 
two other cases below, where the star is situated south of the ecliptic ; 
and it is contrary to all the analogies of the system that a faint star 
should have been selected to form by itself an asterism. The Siddh§nta- 
Ciromani etc. make the polar longitude of the asterism 20’ less than that 
given by the Sirya-Siddhanta, and the Graha-Laghava 1° 20/ less: these 
would add so much to the error of longitude. 

Here, for the first time, the three systems which we are comparin 
disagree with one another entirely. The Chinese have adopted for the 
determinative of their fourth stew, which is styled Tsan, the upper star 
in Orion’s belt, or d Orionis (2)—a strange and arbitrary selection, for 
which M. Biot is unable to find any explanation. The Arabs have estab- 
lished their sixth station close to the ecliptic, in the feet of Pollux, nam- 
ing it al-Han’ah, “the pile”: it comprises the two stars 7 (2.3) and § 
(4.3) Geminorum : some authorities, however, extend the limits of the 
mansion so far as to include also the stars in the foot of the other twin, 
or 7, ¥, # Geminorum; of which the latter is the next Chinese siew. 

7. Punarvasu ; in all the more ancient lists the name appears as @ 
dual, punarvast: it is derived from punar, “again,” and vasu, “good, 
brilliant” : the reason of the designation is not apparent. The regent 
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of the asterism is Aditi, the mother of the Adityas. Its dual title indi- 
cates that it is composed of two stars, of nearly equal brilliancy, and 
two is the number allotted to it by the Gakalya and Khanda-Kataka, the 
eastern being pointed out below (v. 19) as the junction-star. The pair 
are the two bright stars in the heads of the Twins, or « and 8 Gemino- 
rum, and the latter (1.2) is the junction-star. The comparison of posi- 
tions is as follows: 

Punarvasu. . . . 92°52’... . 6° ON. 

6B Geminorum. . . 93°14’ . . . . 6° 39/N. 


The Graha-Laghava adds 1° to the polar longitude of Punarvasu as 
stated by the other authorities. 

Four stars are by some assigned to this asterism, and with that num- 
ber corresponds the representation of its arrangement by the figure of 
a house: it is quite uncertain which of the neighboring stars of the same 
constellation are to be added to those above mentioned to form the grou 
of four, bnt we think « (magn. 4) and v (5) those most likely to have 
been chosen: Colebrooke suggests + (3.4) and t (5.4). 

The determinative of the fifth stew, Tsing, is “« Geminorum (3), which, 
as we have seen, is reckoned among the stars composing the sixth 
manzil: the seventh manzil includes, like the Hindu asterism, o and # 
Geminorum: it is named adh-Dhirda’, “the paw”—i.e., of the Lion; the 
figure of Leo (see Ideler, p. 152 ete.) being by the Arabs so stretched 
out as to cover parts of Gemini, Cancer, Canis Minor, and other neigh- 
boring constellations. 

8. Pushya ; from the root push, “nourish, thrive”; another frequent 
name, which is the one employed by our treatise, is tishya, which is 
translated “auspicious”; Amara gives also sidhya, “prosperous.” Its 
divinity is Brhaspati, the priest and teacher of the gods. It comprises 
three stars—the Khanda-Kataka alone seems to give it but one—of which 
the middle one is the junction-star of the asterism. This is shown by 
the position assigned to it to be 5 Cancri (4): 


Pushya . . . . 106° 0’... « 0° Of 
OConese. os. « 1 BS! 2a eee ES 


The other two are doubtless 7 (4.5) and # (6) of the same constellation : 
the asterism is figured as a crescent and as an arrow, and the arrange- 
ment of the group admits of being regarded as representing a crescent, 
or the barbed head of an arrow. Were the arrow the only figure given, 
it might be possible to regard the group as composed of 7, 4, and B (4), 
the latter representing the head of the arrow, and the nebulous cluster, 
Preesepe, between y and #, the feathering of its shaft: # (105° 43’/— 
0° 48’ §.) would then be the junction-star. 

The Arab manzi/, an-Nathrah, “the nose-gap”—i. e., of the Lion— 
comprises y and 0 Cancri, together with Presepe; or, according to some 
authorities, Prasepe alone. The sixth sieu, Kuei, is #Cancri, a star 
which is, at present, only with difficulty distinguished by the naked eye. 
Ptolemy rates it as of the fourth magnitude, like y and 0: perhaps it is 
one of the stars of which the brilliancy has sensibly diminished during 
the past two or three thousand years, or else a variable star of very 
long period. The possibility of such changes requires to be taken into 
account, in comparing our heavens with those of so remote a past. 
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9, Agleshé ; or, as plural, dgleshds ; the word is also written dgreshd: 
its appellative meaning is “ entwiner, embracer.” With the name accord 
the divinities to whom the regency of the asterism is assigned, which 
are sarpds, the serpents. The number of stars in the group is stated as 
five by all the authorities excepting the Khanda-Kataka, which reads six: 
their configuration is represented by a wheel. The star « Cancri (4) is 
pointed out by Colebrooke as the junction-star of Aclesha, apparently 
from the near correspondence of its latitude with that assigned to the 
latter, for he says nothing in connection with it of his native helpers: 
but @ Cancri is not the eastern (v. 19) member of any group of five stars ; 
nor, indeed, is it a member of any distinct group at all. Now the name, 
figure, and divinity of Aclesha are all distinctive, and point to a constel- 
lation of a bent or circular form: and if we go a little farther south- 
ward from the ecliptic, we find precisely such a constellation, and one 
containing, moreover, the corresponding Chinese determinative. The 
group is that in the head of Hydra, or 7, 9, 0, «, g Hydra, o and 9 being 
of the fifth magnitude, and the rest of the fourth: their arrangement is 
conspicuously circular. There can be no doubt, therefore, that the 
situation of the asterism is in the head of Hydra, and ¢ Hydra, its 
brightest star (being rated in the Greenw. Cat. as of magnitude 3.4, 
while d is 4.5), is the junction-star : 

Aclesha . . . . 109° 59’. . . . 6° 568, 
e Hydrs. ... 112920’... . 11° 88, 
Ole. ww ceo Bie Fires PHS 


The error of the Hindu determination of the latitude is, indeed, very 
considerable, yet not greater than we are compelled to accept in one or 
two other cases. The Khanda-Kataka increases it 1°, giving the aster- 
ism 6° instead of 7° of polar latitude. The Siddhanta-Ciromani ete. 
deduct 1° from the polar longitude of the Sarya-Siddhanta, and the 
Graha-Laghava deducts 2°: both variations would add to the error in 
longitude. 

The Arab manzil is, in this instance, far removed from the Hindu aster- 
ism, being composed of § Cancri (5) and 4 Leonis (5.4), and called at- 
Tarf, “the look”—i. e., of the Lion. The seventh Chinese sieu, Lien, is, 
as already noticed, included in the Hindu group, being 0 Hydre. 

10. Maghé ; or, as plural, maghds ; “mighty.” The pitaras, Fathers, 
or manes of the departed, are the regents of the asterism, which is fig- 
ured as a house, It is, according to most authorities, composed of five 
stars, of which the southern (v. 18) is the junction-star. Four of these 
must be the bright stars in the neck and side of the Lion, or ¢, 7, 7, and 
a Leonis, of magnitudes 4.5, 2, 3.4, and 1.2 respectively; but which 
should be the fifth is not easy to determine, for there is no other single 
star which seems to form naturally a member of the same group with 
these: » (5), (5), org (4) might be forced into a connection with 
them. This difficulty would be removed by adopting, with the Khanda- 
Kataka, six as the number of stars included in the asterism: it would 
then be composed of all the stars forming the conspicuous constellation 
familiarly known as “the Sickle.” The star « Leonis, or Regulus, the 
most brilliant of the group, is the junction-star, and its position is defined 
with unusual precision : 
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Maght .... 1299 of .... 0 Of 
Regulus . . . . 129° 49’. . » . 0% 27’ N, 

The tenth manzil, aj-Jabhah, “the forehead”—i. ¢., of the Lion—is 
also composed of ¢, 7, 7, # Leonis. 

The eighth, ninth, and tenth stew of the Chinese system altogether 
disagree in position with the groups marking the Hindu and Arab man- 
sions, being situated far to the southward of the ecliptic, in proximity, 
according to Biot, to the equator of the period when they were estab- 
lished. ‘The eighth, Sing, is « Hydre (2), having longitude (A. D. 560) 
127° 16’, latitude 22° 25/ 8. 

11, 12. Phalgunt; or, as plural, phalgunyas; the dual, phalgunyéu, 
is also found : this treatise presents the derivative form phdlquni, which 
is not infrequently employed elsewhere. The word is likewise used to 
designate a species of fig-tree: its derivation, and its meaning, as applied 
to the asterisms, is unknown to us. Here, 2s in two other instances, 
later (the 20th and 21st, and the 26th and 27th asterisms), we have 
two groups called by the same name, and distinguished from one another 
as purva and uttara, “former” and “latter”’—that is to say, coming ear- 
lier and later to their meridian-transit. The true original character and 
composition of these three double asterisms has been, if we are not mis- 
taken, not a little altered and obscured in the description of them fur- 
nished to us; owing, apparently, to the ignorance or carelessness of the 
describers, and especially to their not having clearly distinguished the 
characteristics of the combined constellation from those of its separate 
parts. In each case, a couch or bedstead (sayyd, mafica, paryanka) is 
given as the figure of one or both of the parts, and we recognize in 
them all the common characteristic of a constellation of four stars, form- 
ing together a regular oblong figure, which admits of being represent- 
ed—not unsuitably, if rather prosaically—by a bed. This figure, in the 
case of the Phalgunis, is composed of 0, #, 8, and 93 Leonis, a very 
distinct and well-marked constellation, containing two stars, d and #, of 
the second to third magnitude, one, +, of the third, and one, 93, of the 
fourth. The symbol of a bed, properly belonging to the whole constel- 
lation, is given by all the authorities to both the two parts into which it 
is divided. Each of these latter has two stars assigned to it, and the 
junction-stars are said (v. 18) to be the northern. The first group is, 
then, clearly identifiable as 0 and + Leonis, the former and brighter 
being the distinctive star : 

Parva-Phalguni . . . 139° 58’. . . . 11% 19 N. 
SLeonis. ....--. SAP? ED 6. ss. 0, Se ee 
Sieopis. .. «3 - 049 24! .. . . SPO SG. 

The Siddhanta-Ciromani etc., and the Graha-Laghava, give Pirva- 
Phalguni respectively 3° and 4° more of polar longitude than the Sirya- 
Siddhanta. These are more notable variations than are found in any 
other case, and they appear to us to indicate that these treatises intend to 
designate #, the southern member of the group, as its junction-star: we 
have accordingly added its position also above. 

In the latter group, the junction-star is evidently 8 Leonis: 

Uttara-Phalguni . . . 150° ro’ . . . . 129 S/N, 
ko” “ageonesaiones 1519 377 2 2. 2 10% 17 NL 
VOL, VI. 43 
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This star, however, is not the northern, but the southern, of the two 
composing the asterism: its description as the southern we cannot but 
regard as simply an error, founded on a misapprehension of the compo- 
sition of the double group. To al-Birtini, 8 Leonis and another star to 
the northward, in the Arab constellation Coma Berenices, were pointed 
out as forming the asterism Uttara-Phalguni. The Qakalya gives it five 
stars, probably adding to @ Leonis the four small stars in the head of the 
Virgin, §1, », 2, and 0, of magnitudes four to five and five. 

The regents of Parva and Uttara-Phalguni are Bhaga and Aryaman, 
or Aryaman and Bhaga, two of the Adityas. 

The two corresponding Arab mansions are called az-Zubrab, “the 
mane”—i. e., of the Lion—and as-Sarfah, “the turn”: they agree as 
nearly as possible with the Hindu asterisms, the former being composed 
of 6 and & Leonis, the latter of 8 Leonis alone. The Chinese stew, named 
respectively Chang and Y, are v! Hydre (5)* and a Crateris (4). 

13. Hasia,“hand.” Savitar, the sun, is regent of the asterism, which, 
in accordance with its name, is figured as a hand, and contains five stars, 
corresponding to the five fingers. These are the five principal stars in 
the constellation Corvus, a well-marked group, which bears, however, 
no very conspicuous resemblance to a hand. The stars are named— 
counting from the thumb around to the little finger, according to our 
apprehension of the figure—f, a, ¢, y, and d Corvi. The text gives be- 
low (v. 17) a very special description of the situation of the junction- 
star in the group, but one which is unfortunately quite hard to under- 
stand and apply: we regard it as most probable, however (see note to 
v. 17), that 7 (8) is the star intended: the defined position, in which all 
the authorities agree, would point rather to 5 (3): 


| a a" aa". ws tO CE 
y Corvi ... . 170° 44’. . . . 149 29’8. 
» Gorvi . . . « 293° 97’ . . . s' 389? 10'S, 


The Hindu and Chinese systems return, in this asterism, to an accord- 
ance with one another : the eleventh stew, Chin, is the star y Corvi. The 
Arab system holds its own independent course one point farther: its 
thirteenth mansion comprises the five bright stars 8, 7, y, 5, ¢ Virginis, 
which form two sides, measuring about 15° each, of a great triangle: 
the mansion is named al-Auw4’, “the barking dog.” 

14, Citrd, “brilliant.” This is the beautiful star of the first magni- 
tude @ Virginis, or Spica, constituting an asterism by itself, and figured 
as a pearl or asalamp. Its divinity is Tvashtar, “the shaper, artificer.” 
Its longitude is very erroneously defined by the Sirya-Siddhanta : 

Citeh. ... 51380? 4 5. « 3% 50'S. 
Spica. , . . 183° 4p’... . 2° 2/8. 

All the other authorities, however, saving the Qékalya, remove this 
error, by giving Citra 183° of polar longitude, instead of 180°. The 
only variation from the definition of latitude made by our text is offered 
by the SiddhAnta-Ciromani, which, varying for once from the Brahma- 
Siddhanta, reads 1° 45’ instead of 2°. 





# It is, apparently, by an original error of the press, that M. Biot, in all his 
tables, calls this star »’. 
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Spica is likewise the fourteenth manzil of the Arabs, styled by them 
as-Simak, and the twelfth stew of the Chinese, who call it Kio. 

15. Svdti, or svdti ; the word is said to mean “sword.” The Tait- 
tiriya-Brahmana calls the asterism nishtyd, “ outcast,” possibly from its 
remote northern situation. It is, like the last, an asterism comprisin 
but a single brilliant star, which is figured as a coral bead, gem, or panel 
In the definition of its latitude all authorities agree ; the Graha-Laghava 
makes its polar longitude 198° only, instead of 199°. The star intended 
is plainly « Bootis, or Arcturus : 


, ee. ok a ae? of... . See 
Arcturus. . . ° 184° 12’ . . . . 30° 57’ N. 


In this instance, the Hindus have gone far beyond the limits of the 
zodiac, in order to bring into their series of asterisms a brilliant star 
from the northern heavens: the other two systems agree in remaining 
near the ecliptic. The fourteenth Chinese siew, Kang, is * Virginis 
(4.5): the Arab manzil, al-Ghafr, “the covering,” ra Fas the same 
star, together with ¢, and cither 4 or » Virginis. 

16. Vigakhda, “ having spreading branches”: in all th@earlier lists the 
name appears as a dual, vigdkhe. The asterism is also placed under the 
regency of a dual divinity, indrdgni, Indra and Agni. We should ex- 
pect, then, to find it composed, like the other two dual asterisms, the 1st 
and 7th, of two stars, nearly equal in brilliancy, and two is actually the 
number assigned to the group by the Qakalya and the Khanda-Kataka. 
Now the only two stars in this region of the zodiac forming a conspicu- 
ous pair are @ and # Libre, both of the second magnitude, and as these 
two compose the corresponding Arab mansion, while the former of them 
is the Chinese sieu, we have the strongest reasons for supposing them to 
constitute the Hindu asterism also. There are, however, difficulties in 
the way of this assumption. The later authorities give Vicakh&é four 
stars, and the defined position of the junction-star identifies it neither 
with @ nor #, but with the faint star « (4.3) in the the same constella- 
tion. Colebrooke, overlooking this star, suggests « or x Libre (5): the 
following comparison of positions will show that neither of them can be 
the one meant to be pointed out: 


VighkhA . . . . 213431’ . . . . 2% 39 B, 
jee cs oe 2078 SO ... Pe 
wae... ... « 200? Sf. ss OSPR: 
x Libree 60° BPR oe 50 PEE 


The group is figured as a torana: this word Jones and Colebrooke 
translate “ festoon,” but its more proper meaning is “an outer door or 
gate, a decorated gateway.” And if we change the designation of situ- 
ation of the junction-star in its group, given below (v. 16), from “ north- 
ern” to “ southern,” we find without difficulty a quadrangle of stars, viz. 
t, a, 8, y (4.5) Libre, which admits very well of being figured as a gate- 
way. Nor is it, in our opinion, taking an unwarrantable liberty to make 
such an alteration. The whole scheme of designations we regard as 
of inferior authenticity, and as partaking of the confusion and uncer- 
tainty of the later knowledge of the Hindus respecting their system of 
asterisms. That they were long ago doubtful of the position of Vigdkh& 

















836 £. Burgess, etc., [viii. 9. 


is shown by the fact that al-Birfini was obliged to mark it in his list as 
“unknown.” Very probably the Sarya-Siddhanta, in calling ¢ the north- 
ern member of the group, intended to include with it only the star 20 
Libre (3.4), situated about 6° to the south of it. Upon the whole, then, 
while we regard the identification of Vigakha as in some respects more 
doubtful than that of any other asterism in the scries, we yet believe 
that it was originally composed of the two stars « and # Libre, and that 
later the group was extended to include also « and 7, and, as so extended, 
was figured as a gateway. The selection, contrary to general usage, of 
the faintest star in the group as its junction-star, may have been made 
in order to insure against the reversion of the asterism to its original 
dual form. 

The variations of the other authorities from the position as stated in 
our text are of small importance: the Siddhanta-Ciromani etc. give 
Vigdkha 55/ less of polar longitude, and the Graha-Laghava 1° less; of 
polar latitude, the SiddhAnta-Ciromani gives it 10’, the Graha-Laghava 
30’ less; the Khanda-Kataka agrees here, as also in the two following 
asterisms, withthe Sarya-Siddhanta. 

The sixteenth Arab manzil, comprising, as already noticed, « and 8 
Libre, is styled az-Zubanan, “the two claws”—i. e., of the Scorpion: 
the name of the corresponding Chinese mansion, having for its deter- 
minative @ Libra, is Ti. 

17. Anurddha ; or, as plural, anurddhds: the word means “success.” 
The divinity is Mitra, “friend,” one of the Adityas. According to the 
Qakalya, the asterism is composed of three stars, and with this our text 
plainly agrees, by designating (v. 18) the middle as the junction-star: 
all the other authorities give it four stars. As a group of three, it com- 
prises 8, 6,7 Seorpionis, 0 (2.3) being the junction-star; as the fourth 
member we are doubtless to add 9 Scorpionis (5.4). It is figured as a 
bali or vali ; this Colebrooke translates “a row of oblations”’; we do 
not find, however, that the word, although it means both “ oblation, 
offering,” and “a row, fold, ridge,” is used to designate the two com- 
bined: perhaps it may better be taken as simply “a row;” the stars 
of the asterism, whether considered as three or four, being disposed in 
nearly a straight line. The comparison of positions is as follows: 


Anurfdhi . .. . 224° 44’ . . . . 2° 52/9, 
& Scorpionis . . . 222° 34’. . . . 1° 57’8, 


The Siddhanta-Ciromani and Graha-Laghava estimate the latitude of 
Anurfdha somewhat more accurately, deducting from the polar latitude, 
as given by our text, 1° 15’ and 1° respectively : the Siddhanta-Ciromani 
etc. also add the insignificant amount of 5’ to the polar longitude of the 
Sarya-SiddhAnta. 

The corresponding Arab manzil, named al-Iklil, “the crown,” conr 
tains also the three stars @, 5, x Scorpionis, some authorities adding ¢ to 
the group. The Chinese siew, Fang, is 7 (3), the southernmost and the 
faintest of the three. 

18. Jyeshthd, “oldest.” The Taittiriya-Sanhita, in its list of aster- 
isms, repeats here the name rohzni, “ ruddy,” which we have had above 
as that of the 4th asterism: the appellation has the same ground in this 
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as in the other case, the junction-star of Jyeshtha being also one of those 

“which shine with a reddish light. The regent is Indra, the god of the 
clear sky. The group contains, according to ull the authorities, three 
stars, and the central one (v. 18) is the junction-star. This is the bril- 
liant star of the first magnitude a Scorpionis, or Antares; its two com- 
panions are 9 (3.4) and t (3.4) in the same constellation : 


dyomma ww  2P . w PE 
Antares ... . 229° 44’... . . 4° 31' 8, 


The constellation is figured as a ring, or ear-ring; by this may be un- 
derstood, perhaps, a pendent ear-jewel, as the three stars of Jyeshtha 
form nearly a straight line, with the brightest in the middle. 

The Siddhanta-Ciromani and Graha-Laghava add to the polar longi- 
tude of the junction-star of the asterism, as stated in our text, 5’ and 1° 
respectively, and they deduct from its polar latitude 30’ and 1° respect- 
ively, making the definition of its position in both respects less accurate. 

Antares forms the eighteenth manzil, and is styled al-Kalb, “the 
heart” —i. e., of the Scorpion : o and t are called an-NiyAt, “the pre- 
cordia.” The Chinese stew, Sin, is the westernmost of the three, or a. 

19. Méla, “root.” The presiding divinity of the asterism is nirréi, 
“calamity,” who is also regent of the south-western quarter. It com- 
prises, according to the Cakalya, nine stars; their configuration is rep- 
resented by a lion’s tail. The stars intended are those in the tail of the 
Scorpion, or ¢, “, ¢, 7, 4, 4, *, v, 4 Scorpionis, ail of them of the third, 
or third to fourth, magnitude. Other authorities count eleven stars in 
the group, probably reckoning u and ¢ as four stars; each being, in fact, 
a group of two closely approximate stars, named in our catalogues “! 
(3), u? (4), 4 (4.5), ¢? (3). The Khanda-Kataka alone gives Mila only 
two stars, which are identified by al-Birini with the Arab manzil ash- 
Shaulah, or 4 and v Scorpionis. The Taittiriya-Sanhita, too, gives the 
name of the asterism as vicridu, “the two releasers”: the Vicrtaiu are 
several times spoken of in the Atharva-Veda as two stars of which the 
rising promotes relief from lingering disease (kshetriya): it is accord- 
ingly probable that these are the two stars in the sting of the Scorpion, 
and that they alone have been regarded by some as composing the aster- 
ism: their healing virtue would doubtless be connected with the meteor- 
ological conditions of the time at which their heliacal rising takes place. 
Our text (v. 19) designates the eastern member of the group as its junc- 
tion-star: it is uncertain whether the direction is meant to apply to the 
group of two, or to that of nine stars: if, as seems probable, 4 is the 
star pointed out by the definition of position, it is strictly true only of 
the pair 4 and v, since +, x, and # are all farther eastward than 4: 


a 942° 50’... . GP's. 
a Scorpionis . . . 244° 53’. . . . 13° 44'S. 


The Graha-Laghava gives a more accurate statement of the longitude, 
adding 1° to the polar longitude as defined by all the other authorities : 
but it increases the error in latitude, by deducting 1° from that presented 
by our text: the Siddhanta-Ciromani, in like manner, deducts 30’, while 
the Khanda-Kataka adds the same amount, 
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The Taittiriya-Sanhité makes pitaras, the Fathers, the presiding divin- 
ities of this asterism, as well as of the tenth. ’ 

Bentley states (Hind. Astr., p. 5) that Mala was originally reckoned as 
the first of the asterisms, and was therefore so named, as being their root 
or origin ; also that, at another time, or in a different system, the series 
was made to begin with Jyeshtha, which thence received its title of 
“eldest.” These statements are put forth with characteristic reckless- 
ness, and apparently, like a great many others in his pretended history 
of Hindu astronomy, upon the unsupported authority of his own conjec- 
ture. It is, in many cases, by no means easy to discover reasons for the 
particular appellations by which the asterisms are designated: but we 
would suggest that Mila may perhaps have been so named from its be- 
ing considerably the lowest, or farthest to the southward, of the whole 
series of asterisms, and hence capable of being looked upon as the root 
out of which they had grown up the heavens. It would even be possi- 
ble to trace the same conception farther, and to regard Jyeshtha as so 
styled because it was the first, or “oldest,” outgrowth from this root, 
while the Vigakhe, “the two diverging branches,” were the stars in 
which the series broke into two lines, the one proceeding northward, to 
Svati or Arcturus, the other westward, to Citra or Spica. We throw 
out the conjecture for what it may be worth, not being ourselves at all 
confident of its accordance with the truth. 

The nineteenth Arab manzi/ is styled ash-Shaulah, “the sting”—i. e., 
of the Scorpion—and comprises, as already noticed, v and 4 Scorpionis. 
The determinative of the seventeenth sieu, Uei, is included in the Hindu 
asterism, being “? Scorpionis. 

20, 21, Ashddhd ; or, as plural, ashadhds ; this treatise presents the 
derivative form dshaddhé, which is not infrequent elsewhere: the word 
means “unsubdued.” Here, again, we have a double group, divided 
into two asterisms, which are distinguished as piérva and uttara, “ former 
and latter.” Their respective divinities are dpas, “the waters,” and vigve 
devas, “ the collective gods.” Two stars are ordinarily allotted to each 
asterism, and in each case the northern is designated (v. 16) as the junc- 
tion-star. By some authorities each group is figured as a bed or couch; 
by others, the one as a bed and the other as an elephant’s tusk; and 
here, again, there is a difference of opinion as to which is the bed and 
which the tusk. The true solution of this confusion is, as we conceive, 
that the two asterisms taken together are figured as a bed, while either 
of them alone is represented by an elephant’s tusk. The former group 
must comprise d (3.4) and e (3.2) Sagittarii, the former being the june- 
tion-star; this is shown by the following comparison of positions : 


Pérva-Ashidh&A . .. . 254° 39’ . . . . 5° 288. 
6 Sagittarii. ..... 354° 3a’-.-. . . 6° 29’ G, 


The Graha-Laghava gives Parva-Ashadha 1° more of polar longitude, 
and 30’ less of polar latitude, than the Sirya-Siddhanta: the Siddhanta- 
Ciromani ete. give it 10’ less of the latter. 

The latter of the two groups contains, as its southern star, ¢ Sagittarii 
(3.4), and its northern and junction-star can be no other than o (2.3) in 
the same constellation, notwithstanding the error in the Hindu determi- 
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nation of its latitude, which led Colebrooke to regard t (4.3) as the 
star intended ; we subjoin the positions: 


Uttara-Ashadh4 . . . . 260923... . 4° 59/8, 
oSagittarii...... 262° a1’. . . . 3° 24’ 8, 
¢ Sagittarii...... 964° 46°... . 8 1/8 


The only variation from the position of the junction-star of this aster- 
ism as stated in our text is presented by the Graha-Laghava, which 
makes its polar longitude 261° instead of 260°, 

The (akalya (according to Colebrooke: our MS. is defective at this 
point) and the Khanda-Kataka assign four stars to each of the Ashadhis, 
and the former represents each asa bed. It would not be difficult to 
establish two four-sided figures in this region of the constellation Sagit- 
tarius, each including the stars above mentioned, with two others: the 
one would be composed of y? (4.3), 5, e, 7 (4—the star is also called 8 
Telescopii), the other of » (4.3), 7, t, and ¢; such is unquestionably the 
constitution of the two asterisms, considered as groups of four stars; 
they are thus identified also, it may be remarked, by al-Birani. The 
junction-stars would still be d and uv, which are the northernmost in their 
respective constellations; nor is there any question as to which four 
among the eight are selected to make up the double asterism, since 4, ¢, 
@ and o both form the most regular quadrangular figure, and are the 
brightest stars. 

The determinatives of the eighteenth and nineteenth mansions of the 
Chinese, Ki and Teu, are 7? and » Sagittarii, which are included in the 
two quadruple groups as stated above. The twentieth manzil compre- 
hends all the eight stars which we have mentioned, and is styled an- 
Na’aim, “the pasturing cattle”: some also understand each group of 
four as representing an ostrich, na’Aam. The twenty-first manzil, on the 
other hand, al-Baldah, “the town,” is described as a vacant space above 
the head of Sagittarius, bounded by faint stars, among which the most 
conspicuous is 7 Sagittarii (4.5). 

22, Abhijit, “conquering.” The regent of the asterism is Brahma. 
The position assigned to its junction-star, which is described as the 
brightest (v.19) in a group of three, identifies it with « Lyre, or Vega, 
a star which is exceeded in brilliancy by only one or two others in the 
heavens : 

Abhijit . . . , 264910’ . . . . 59° 58’ N, 
WORE . 0.0. 0:50 SBOP ED! «+ \ BAP 

The other authorities compared (excepting the Qakalya) define the 
— in latitude of Abhijit more accurately, adding 2° to the polar 
atitude given by the Sarya-Siddhanta: the Graha-Laghava also improves 
the position in longitude by adding 1° 20’, while the Siddhanta-Ciromani 
etc. increase the error by deducting 1° 40’. 

The Taittiriya-Sanhita (iv. 4.10) omits Abhijit from its list of the as- 
terisms: the probable reason of its omission in some authorities, or in 
cag connections, and its retention in others, we shall discuss far- 
ther on. 

Abhijit is figured as a triangle, or as the triangular nut of the erngdta, 
an aquatic plant; this very distinctly represents the grouping of a Lyre 
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with the two other fainter stars of the same constellation, ¢ and ¢, both 
of the fifth magnitude. 

In this and the two following asterisms—as once before, in the fifteenth 
of the series—the Hindus have gone far from the zodiac, in order to 
bring into their system brilliant stars from the northern heavens, while 
the Chinese and the Arab systems agree in remaining in the immediate 
neighborhood of the ecliptic. The twentieth siew is named Nieu, and 
is the star 8 Capricorni (3), situated in the head of the Goat: the twen- 
ty-second manzil, Sa’d adh-Dhabih, “felicity of the sacrificer,” contains 
the same star, the group being « (composed of two stars, each of mag- 
nitude 3.4) and @ Capricorni. 

23. Cravana, “hearing, ear”; from the root ¢gru, “hear”: another 
_ name for the asterism, ¢rond, found occurring in the Taittiriya lists, is 

perhaps from the same root, but the word means also “lame.” Cravana 
comprises three stars, of which the middle one (v. 18) is the junction- 
star: they are to be found in the back and neck of the Eagle, namely 
as 7, 2, and 8 Aquile; a, the determinative, is a star of the first te sec- 
ond magnitude, while 7 and @ are of the third and fourth respectively : 


Cravann. . . . 2829 29’ . . . . 29° 54’ N. 
@ Aquile ... 281° 41’... . 29° 11'N, 


All the authorities agree as to the polar latitude of Cravana: thi 
Siddhanta-Ciromani etc. give it 2° less of polar longitude than our trea- 
tise, and the Graha-Laghava even as much as 5° less. 

The regent of the asterism is Vishnu, and its figure or symbol corres- 
- therewith, being three footsteps, representatives of the three steps 

which Vishnu is said, in the early Hindu mythology, to have strode 
through heaven. The Cakalya, however, gives a trident as the figure 
belonging to Cravana. Lossibly the name is to be regarded as indica- 
ting that it was originally figured as an ear. 

The Chinese siew corresponding in rank with Cravana is called Ni, 
and is the faint star ¢ Aquarii (4.3). The Arab manzil Sa’d Bula’, 
“felicity of a devourer,” or al-Bula’, “the devourer,” ete., includes the 
same star, being composed of ¢, « (4.5), » (5) Aquarii, or, according to 
others, of ¢ and 7 (6) Aquarii, or of w and ». 

24. CVravishthé ; the word is a superlative formation from the same 
root from which came the name of the preceding asterism, and means, 
probably, “most famous.” Another and hardly less frequent appella- 
tion is dhanishth4, an irregular superlative from dhanin, “ wealthy.” The 
class of deities known as the vasus, “bright, good,” are the regents of 
the asterism. It comprises four stars, or, according to the Cakalya and 
Khanda-Kataka, five: the former, which is given by so early a list as 
that of the ‘Taittiriya-Brahggana, is doubtless the original number. The 

roup is the conspicuous one in the head of the Dolphin, composed of 
B, «, 7,9 Delphini, all of them stars of the third, or third to fourth, mag- 
nitude, and closely disposed in diamond or lozenge-form: they are fig- 
ured by the Hindus as a drum or tabor. The junction-star, which is the 
western (v. 17), is 3: 
Cravishtha . . . . 2969 5’... . 35°33'S, 
B Delphini . . . . 296° 19’ . . . . 31° 57’, 
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The only variation from the position assigned in our text to the junc- 
tion-star of Qravishtha is presented by the Graha-Laghava, which gives 
it 286°, instead of 290°, of polar longitude. Perhaps its intention is to 
point out ¢ (5) as the junction-star: this is doubtless the one added to 
the other four, on account of its close proximity to them, to make up the 
group of five; it lies only about half a degree westward from 6. 

The name of the twenty-fourth manzi/, Sa’d as-Su’td, “ felicity of 
felicities”—i. e., “ most felicitous”—exhibits an accordance with that of 
the Hindu asterism which possibly is not accidental. The two are, how- 
ever, as already noticed, far removed in position from one another, the 
Arab mansion being composed of the two stars 8 (3) and & (5.4), in the 
left. shoulder of Aquarius, to which some add also 46, or c1, Capricorni 

6). The corresponding siew, Hii, is the first of them, or 8 Aquarii. 

25. Catabhishaj, “having a hundred physicians”: the form gatabhishé, 
which seems to be merely a corruption of the other, also occurs in later 
writings. It is, as we should expect from the title, said to be composed 
of a hundred stars, of which the brightest (v.19) is the junction-star. 
This, from its defined position, can only be 4 Aquarii (4) : 


Catabhishaj . - . . 319° 51’ . . . . 09 29/5. 
a Aquarii. .... SRE 3S. s s..6 OO Be ae 


The rest of the asterism is to be sought among the yet fainter stars in 
the knee of Aquarius, and the stream from his jar: of course, the num- 
ber one hundred is not to be taken as an exact one, nor are we to sup- 
pose it possible to trace out with any distinctness the figure assigned 
to the group, which is a circle. The Khanda-Kataka, according to al- 
Birtini, gives Catabhishaj only a single star, but this is probably an error 
of the Arab traveller: he is unable to point out which of the stars in 
Aquarius is to be regarded as constituting the asterism. 

The regent of the 25th asterism, according to nearly all the authori- 
ties, is Varuna, the chief of the Adityas, but later the god of the waters: 
the Taittiriya-Sanhita alone gives to it and to the 14th asterism, as well 
as to the 18th, Indra as presiding divinity: this is perhaps mere blun- 
dering. 

The Graha-Laghava places the junction-star of (atabhishaj precisely 
on the ecliptic: the Siddhanta-Ciromani etc. give it 20’, instead of 30’, 
of polar latitude south. 

The corresponding lunar mansion of the Arabs, Sa’d al-Akhbiyah, 
“the felicity of tents,” comprises the three stars in the right wrist and 
hand of the Water-bearer, or 7 (3), ¢ (4), 7 (4) Aquarii, together with a 
fourth, which Ideler supposes to be 7 (5). Since, however, the twenty- 
third Chinese determinative, Goei, is « Aquarii (3), a star so near as 
readily to be brought into the same group with the other three, we are 
inclined to regard it as altogether probable that the mansion was, at 
least originally, composed of @, y, £, and 7. 

26, 27. Bhadrapadd ; as plural, bhddrapadds : also bhadrapadé ; from 
bhadra, “ beautiful, happy,” and pada, “foot.” Another frequent appel- 
lation is proshthapaddé : proshtha is said to mean “carp” and “ox”; the 
latter signification might perhaps apply here. We have here, once more, 
a double asterism, divided into two parts, which are distinguished from 
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one another as parva and uttara, “former” and “latter.” All authori- 
ties agree in assigning two stars to each of the two groups; but there is 
not the same accordance as regards the figures by which they are rep- 
resented : by some the one, by others the other, is called a couch or bed, 
the alternate one, in either case, being pronounced a bi-faced figure: the 
Muhirta-Cintamani calls the first a bed, and the second twins. It ad- 
mits, we apprehend, of little or no question that the Bh&drapadas are 
properly the four bright stars 6, «, y Pegasi, and a Andromed#—all of 
them commonly reckoned as of the second magnitude—which form 
together a nearly perfect square, with sides measuring about 15°: the 
constellation, a very conspicuous one, is familiarly known as the “Square 
of Pegasus.” The figure of a couch or bed, then, belongs, as in the 
case of the other two double asterisms, already explained, to the whole 
constellation, and not to either of the two separate asterisms into which 
it is divided, while, on the other hand, either of these latter is properly 
enough symbolized by a pair of twins, or by a figure with a double 
face. The appropriateness of the designation “ feet,” found as a part of 
both the names of the whole constellation, is also sufficiently evident, if 
we regard the group as thus composed. The junction-star of the former 
half-asterism is, by its defined position, clearly shown to be « Pegasi: 


Pirva-BhAadrapada . . . . 3349 25’ . . . . 22°30’ N. 
| ee 333° 27’ . . . . 19° 25/ NN. 


The Graha-Laghava gives the junction-star 1° less of polar longitude, 
which would bring its position to a yet closer accordance, in respect to 
longitude, with « Pegasi: the error in latitude, which is common to all 
the authorities, is not greater than we have met with several times else- 
where. But we are told below (v.16) that the principal star of each of 
these asterisms is the northern, and this would exclude @ Pegasi alto- 
gether, bringing in as the other member of the first pair some more 
southern star, perhaps ¢ Pegasi(3.4). The confusion is not less marked, 
although of another character, in the case of the second asterism: in 
the definition of position of its junction-star we find a longitude given 
which is that of one member of the group, and a latitude which is that 
of the other, as is shown by the following comparison : 


Uttara-Bhadrapad& . . . . 3479 16’. . . . 24° i/N. 
I Neca. 6 6 O66), 0 a So . . . seer aR 
a Andromede ...... 354° 19’ . . . . 95° 41’ XK. 


If we accept either of these two stars as the one of which the posi- 
tion is meant to be defined, we shall be obliged to admit an error in the 
determination either of its longitude or of its latitude considerably 
greater than we have met with elsewhere. Nor is the matter mended 
by any of the other.authorities: the only variation from the data of our 
text is presented by the Graha-Laghava, which reads, as the polar lati- 
tude of Uttara-Bhadrapada, 27° instead of 26°. There can be no 
doubt that the two stars recognized as composing the asterism are 7 Pe- 
gasi and « Andromedz, but there has evidently been a blundering con- 
fusion of the two in making out the definition of position of the junc- 
tion-staft. We would suggest the following as a possible explanation of 
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this confusion: that originally « and y Pegasi were designated and de- 
scribed as junction-stars of the two half-groups, of which they were 
respectively the southern members; that afterward, for some reason— 
perhaps owing to the astrological theory (see above, vii. 21) of the supe- 
riority of a northern star—the rank of junction-star was sought to be 
transferred from the southern to the northern stars of both asterisms : 
that, in making the transfer, the original constitution of the former 
group was neglected, while in the latter the attempt was made to define 
the real position of the northern star, but by simply adding to the polar 
latitude already stated for y Begasi, without altering its polar longitude 
also. Al-Birtini, it should be remarked, was unable to obtain from his 
Hindu informants any satisfactory identification of either of these aster- 
isms, and marks both in his catalogue as ‘‘ unknown.” 

The view we have taken of the true character of the two Bhadrapa- 
das is powerfully supported by their comparison with the corresponding 
members of the other two systems. The twenty-sixth and twenty- 
seventh manzils, al-Fargh al-Mukdim and al-Fargh al-Mukhir, “the fore 
and hind spouts of the water-jar,” comprise respectively « and # Pegasi, 
and y Pegasi and « Andromede; the determinatives of the twenty- 
fourth and twenty-fifth stew, Che and Pi, are « and y Pegasi. 

The regents of these two asterisms are aja ekapdt and ahi budhnya, 
the “one-footed goat” and the “ bottom-snake,” two mythical figures, of 
obscure significance, from the Vedic pantheon. 

28. Revati, “wealthy, abundant.” Its presiding divinity is Pashan, 
“the prosperer,” one of the Adityas. It is said to contain thirty-two 
stars, which are figured, like those of Cravishthaé, by a drum or tabor; 
but it would be in vain to attempt to point out precisely the thirty-two 
which are intended, or to discover in their arrangement any resemblance 
to the figure chosen to represent it. The junction-star of the group is 
said (v. 18) to be its southernmost member: all authorities agree in 
placing it upon the ecliptic, and all excepting our treatise and the 
Cakalya make its position exactly mark the initial point of the fixed 
sidereal sphere. The star intended is, as we have already often had 
occasion to notice, the faint star ¢ Piscium, of about the fifth magnitude, 
situated in the band which connects the two Fishes. It is indeed very 
near to the ecliptic, having only 13’ of south latitude. It coincided in 
longitude with the vernal equinox in the year 572 of our era. 

At the time of al-Birtini’s visit to India, the Hindus seem to have 
been already unable to point out distinctly and with confidence the sit- 
uation in the heavens of that most infportant point from which they 
held that the motions of the planets commenced at the creation, and at 
which, at successive intervals, their universal conjunction would again 
take place; for he is obliged to mark the asterism as not certainly iden- 
tifiable. He also assigns to it, as to Catabhishaj, only a single star. 

The twenty-sixth Chinese stew, Koei, is marked by ¢ Andromede (4), 
which is situated only 35/ east in longitude from ¢ Piscium, but which 
has 17° 36’ of north latitude. The last manzil, Batn al-Hti, “ the fish’s 
belly,” or ar-Risha, “the band,” seems intended to include the stars com- 
posing the northern Fish, and with them probably the Chinese deter- 
minative also: but it is extended so far northward as to take in the bright 
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star 6 Andromede (2), and to this star alone the name of the mansion 
is sometimes applied, although its situation, so far from the ecliptic (in 
lat. 25° 56’ N.), renders it by no means suited to become the distinctive 
star of one of the series of lunar stations. 
We present, in the annexed table, a general conspectus of the corres- 
pondences of the three systems; and, in order to bring out those corres- 
ondences in the fullest manner possible, we have made the comparison 
in three different ways: noting, in the first place, the cases in which the 
three agree with one another; then those in which each agrees with one 
of the others; and finally, those in which each agrees with either the 
one or the other of the remaining two. 


Correspondences of the Hindu, Arab, and Chinese Systems of Asterisms. 



































No. ete ny with with with Arab Hindu — 
Chinese. | AT#D- | Chinese, | Chinese. | cy ise.| Chinese.| Arab. 
1 | Agvini, I I I I I I { 
2 | Bharani, - ad 2% 2 2% 2 2* 2 
3 | Krttika, 3 3 3 3 3 3 3 
4! Rohini, 4 4 4 4 4 4 4 
| Mrgagirsha, 5 § 5 5 5 5 
6) Ardra, ee sé ne + “is ee :: 
7| Punarvasu, oe 6 + 6 6 + 
8 | Pushya, 6t 7 6 ‘as 7 7 6 
9 | Aglesha, os 7 8 7 
10| Magha, 8 a 9 8 a 
11 P.-Phalguni, +“ 9 10 9 
12 | U.-Phalguni, oe 10 - oe II 10 eS 
13 | Hasta, oe Xe 8 ap 12 ae 8 
14 | Citra, 7 II 9 6 13 II 9 
15 | Svati, ee oe oe 7 = 12 10 
16 | Vicdkha, 8 12 10 8 14 13 II 
17| Anuradha, 9 13 1I 9 15 14 12 
18 | Jyeshtha, 10 14 12 10 16 15 13 
19 | Mala, 11t 15 13 ee | 17 16 14 
20 | P.-Ashadha, 12 16 14 II 18 17 15 
21 | U.-Ashddhé, oe oe 15 oe 19 ee 16 
22 | Abhijit, ee oe oe 12 ve 18 17 
23 | Cravana, oe ne bs 13 se 19 18 
24 Cravishtha, oe at ah 14 hia 20 19 
25 | Qatabhishaj, oe ee Wi 15 ‘< 21 20 
26 P.-Bhadrapada, 13 17 16 16 20 22 21 
27| U.-Bhadrapada,| 14 18 | 17 17 21 23 22 
28 | Revati, ges em 18§ ch 248 23§ 








* This supposes the second manzil to be composed of the stars in Musca, as 
defined by some authorities. + The sixth manzil includes, according to many 
authorities, the fifth stew, but as there is, at any rate, a discordance in the order of 
succession, we have not reckoned this among the correspondences. { We reckon 
these two as cases of general coincidence, because, although the Chinese siew is not 
contained in the Arab mansion, the Hindu asterism includes them both, and the 
virtual correspondence of the three systems is beyond dispute. § Here we assume 
the Chinese siew to be comprised among the stars forming the last manzil, which is 
altogether probable, although nowhere distinctly stated. 
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Owing to the different constitution of the systems, their correspond- 
ences are somewhat diverse in character: we account the Hindu aster- 
isms and the Arab mansions to agree, when the gfoups which mark the 
two are composed, in whole or in part, of the same stars: we account 
the Chinese system to agree with the others, when the determinative of 
a sieu is to be found among the stars Composing their groups. We 
have prefixed to the whole the numbers and titles of the Hindu aster- 
isms, for the sake of easy reference back to the preceding detailed iden- 
tifications and comparisons. 

After this exhibition of the concordances existing among the three 
systems, it can, we apprehend, enter into the mind of no one to doubt 
that all have a common origin, and are but different forms of one and 
the same system. The questions next arise—is either of the three the 
original from which the others have been derived? and if so, which of 
them is entitled to the honor of being so regarded ? and are the other 
two independent and direct derivatives from it, or does either of them 
come from the other, or must both acknowledge an intermediate source ? 
In endeavoring to answer these questions, we will first exhibit the views 
of M. Biot respecting the origin and character of the Chinese sieu, as 
stated in the volumes for 1840 and 1859 of the Journal des Savants. 

According to Biot, the siew form an organic and integral part of that 
system by which the Chinese, from an almost immemorial antiquity, 
have been accustomed to make their careful and industrious observations 
of celestial phenomena. Their instruments, and their methods of ob- 
servation, have been closely analogous with those in use among modern 
astronomers in the West: they have employed a meridian-circle and a 
measure of time, the clepsydra, and have observed meridian-transits, ob- 
taining right ascensions and declinations of the bodies observed. To 
reduce the errors of their imperfect time-keepers, they long ago selected 
certain stars near the equator, of which they determined with great care 
the intervals in time, and to these they referred the positions of stars or 
planets coming to the meridian between them. The stars thus chosen 
are the siew. Twenty-four of them were fixed upon more than two 
thousand years before our era (M. Biot says, about B.C. 2357: but it is 
obviously impossible to fix the date, by internal evidence, within a cen- 
tury or two, nor is the external evidence of a more definite character) ; 
the considerations which governed their selection were three: proximity 
to the equator of that period, distinct visibility—conspicuous brilliancy 
not being demanded for them—and near agreement in respect to time 
of transit with the upper and lower meridian-passages of the bright stars 
near the pole, within the circle of perpetual apparition: M. Biot finds 
reason to believe that these circumpolar stars had been earlier observed 
with special care, and made standards of comparison, and that, when 
it was afterward seen to be desirable to have stations near the equator, 
such stars were adopted as most nearly agreed with them in right ascen- 
sion. The other four, being the 8th, 14th, 21st, and 28th, the accession 
of which completed the system of twenty-eight, were added in the time 
of Cheu-Kong, about B.C. 1100, because they marked very nearly the 
positions of the equinoxes and solstices at that epoch: the bright star of 
the Pleiades, however, which had originally been made the first of the 
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series, from its near approach to the vernal equinox of that remoter era, 
still maintained, as it has ever since maintained, its rank as the first. 
Since the time of Chéh-Kong the system has undergone no farther modi- 
fication, but has been preserved unaltered and unimproved, with the 
obstinate persistency so characigristic of the Chinese, although many of 
the determinative stars have, under the influence of the precession, be- 
come far removed from the equator, one of them even having retro- 
graded into the preceding mansion. 

If the history of the Chinese sieu, as thus drawn out, is well-founded 
and true, the question of origin is already solved: the system of twenty- 
eight celestial mansions is proved to be of native Chinese institution— 
just as the system of representation of the planetary movements by epi- 
cycles is proved to be Greek by the fact that we can trace in the history 
of Greek science the successive steps of its gradual elaboration. That 
history rests, at present, upon the authority of M. Biot alone: we are 
not aware, at least, that any other investigator has gone independently 
over the same ground; and he has not himself laid before us, in their 
original form, the passages from Chinese texts which furnish the basis 
of his conclusions. But we regard them as entitled to be received, 
upon his authority, with no slight measure of confidence: his own dis- 
tinguished eminence as a physicist and astronomer, his familiarity with 
researches into the history and archeology of science, his access to the 
abundant material for the history of Chinese astronomy collected and 
worked up by the French missionaries at Pekin, and the zealous assist- 
ance of his son, M. Edouard Biot, the eminent Sinologist, whose prema- 
ture death, in 1850, has been so deeply deplored as a severe loss to Chi- 
nese studigs—all these advantages, rarely united in such fullness in the 
person of any one student of such a subject, give very great weight to 
views arrived at by him as the results of laborious and long-continued 
investigation. Nor do we see that any general considerations of import- 
ance can be brought forward in opposition to those views. It is, in the 
first place, by no means inconsistent with what we know in other res- 
pects of the age and character of the culture of the Chinese, that they 
should have devised such a system at so early a date. They have, from 
the beginning, been as much distinguished by a tendency to observe and 
record as the Hindus by the lack of such a tendency: they have always 
attached extreme importance to astronomical labors, and to the construc- 
tion and rectification of the calendar; and the industry and accuracy 
of their observations is attested by the use made of them by modern 
astronomers—thus, to take a single instance, of the cometary orbits 
which have been calculated, the first twenty-five rest upon Chinese ob- 
servations alone: and once more, it is altogether in accordance with the 
clever empiricism and practical shrewdness of the Chinese character that 
they should have originated at the very start a system of observation 
exceedingly well adapted to its purpose, stopping with that, working in- 
dustriously on thenceforth in the same beaten track, and never develop- 
ing out of so promising a commencement anything deserving the name 
of a science, never devising a theory of the planetary motions, never 
even recognizing and defining the true character of the cardinal phe- 
nomenon of the precession. 
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Again, although it might seem beforehand highly improbable that a 
system of Chinese invention should have found its way into the West, 
and have been extensively accepted there, many centuries before the 
Christian era, there are no so insuperable difficulties in the way as should 
destroy the force of strong presumptive evidence of the truth of such a 
communication. It is well known that in very ancient times the pro- 
ducts of the soil and industry of China were sought as objects of lux- 
ury in the West, and mercantile intercourse opened and maintained 
across the deserts of Central Asia; it even appears that, as early as 
about B. C. 600 (Isaiah xlix. 12), some knowledge of the Sinim, as a far- 
off eastern nation, had penetrated to Babylon and Judea. On the other 
hand, we do not know how much, if at all, earlier than this it may be 
necessary to acknowledge the system of asterisms to have made its ap- 
pearance in India. The literary memorials of the earliest period, the 
Vedic period proper, present no evidence of the existence of the system : 
indeed, it is remarkable how little notice is taken of the stars by the 
Vedic poets; even the recognition of some of them as planets does not 
appear to have taken place until considerably later. In the more recent 
portions of the Vedic texts—as in the nineteenth book of the Atharva- 
Veda, a modern appendage to that modern collection, and in parts of 
the Yajur-Veda, of which there is reason to believe that the canon was 
not closed until a comparatively late period—full lists of the asterisms 
are found, The most unequivocal evidence of the early date of the sys- 
tem in India is furnished by the character of the divinities under whose 
regency the several asterisms are placed: these are all from the Vedic 
pantheon ; the popular divinities of later times are not to be found among 
them; but, on the other hand, more than one whose consequence is lost, 
and whose names almost are forgotten, even in the epic period of Hindu 
history, appear in the list. Neither this, however, nor any other evi- 
dence known to us, is sufficient to prove, or even to render strongly prob- 
able, the existence of the asterisms in India at so remote a period that 
the system might not be believed to have been introduced, in its fully 
developed form, from China. 

If, now, we make the attempt to determine, upon internal evidence, 
which of the three systems is the primitive one, a detailed examination 
of their correspondences and differences will lead us first to the import- 
ant negative conclusion that no one among them can be regarded as the 
immediate source from which either of the other two has been derived. 
It is evident that the Hindu asterisms and the Arab mandzil constitute, 
in many respects, one and the same system: both present to us constel- 
lations or groups of stars, in place of the single determinatives of the 
Chinese siew ; and not only are those groups composed in general of the 
same stars, but in several cases—as the 7th, 10th, 11th, and 12th mem- 
bers of the series—where they differ widely in situation from the Chi- 
nese determinatives, they exhibit an accordance with one another which 
is too close to be plausibly looked upon as accidental. But if it is thus 
made to appear that neither can have come independently of the cther 
from a Chinese original, it is no less certain that neither can have come 
through the other from such an original ; for each has its own points of. 
agreement with the seu, which the other does not share—the Hindu in 
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the 9th, 13th, and 21st asterisms, the Arab in the 15th, 22nd, 23rd, 
24th, and 25th mansions. The same considerations show, inversely, that 
the Chinese system cannot be traced to either of the others as its source, 
since it agrees in several points with each one of them where that one 
differs from the third. It becomes necessary, then, to introduce an addi- 
tional term into the comparison; to assume the existence of a fourth . 
system, differing in some particulars from each of the others, in which 
all shall find theircommon point of union. Such an assumption is not 
to be looked upon as either gratuitous or arbitrary. Not only do the 
mutual relations of the three systems point distinctly toward it, but it is 
also supported by general considerations, and will, we think, be found to 
remove many of the difficulties which have embarrassed the history of 
the general system. It has been urged as a powerful objection to the 
Chinese origin of the twenty-eight-fold division of the heavens, that we 
find traces of its existence in so many of the countries of the West, 
geographically remote from China, and in which Chinese influence can 
hardly be supposed to have been directly felt. And it is undoubtedly 
true that neither India nor Arabia has stood in ancient times in such 
relations to China as should fit it to become the immediate recipient 
of Chinese learning, and the means of its communication to surround- 
ing peoples. The great route of intercourse between China and the 
West led over the table-land of Central Asia, and into the north- 
eastern territory of Iran, the seat of the Zoroastrian religion and cul- 
ture: thence the roads diverged, the one leading westward, the other 
south-eastward into India, through the valley of the Cabul, the true 
gate of the Indian peninsula. Within or upon the limits of this central 
land of Iran we conceive the system of mansions to have received that 
form of which the Hindu nakshatras and the Arab mandzil are the 
somewhat altered representatives: precisely where, and whether in the 
hands of Semitic or of Aryan races, we would not at present attempt 
to say. There are, as has been noticed above, traces of an Iranian sys- 
tem to be found in the Bundehesh ; but this is a work which, although 
probably not later than the times of Persia’s independence under her 
Sassanian rulers, can pretend to no high antiquity, and no like traces have 
as yet been pointed out in the earliest Iranian memorial, the Zendavesta. 
Weber (Ind. Literaturgeschichte, p. 221), on the other hand, sees in the 
mazzaloth and mazzaroth of the Scriptures (Job xxxviii. 832; II Kings 
xxiii. 5)—words radically akin with the Arabic manzil—indications of 
the early existence of the system in question among the western Semites, 
and suspects for it a Chaldaic origin: but the allusions appear to us too 
obscure and equivocal to be relied upon as proof of this, nor is it easy 
to believe that such a method of division of the heavens should have 
prevailed so far to the west, and from so ancient a time, without our 
hearing of it from the Greeks ; and especially, if it formed a part of the 
Chaldaic astronomy. This point, however, may fairly be passed over, 
as one to be determined, perhaps, by future investigations, and not of 
essential importance to the present inquiry. The question of originality 
is at least definitely settled adversely to the claims of both the Hindu 
and the Arab systems, and can only lie between the Chinese and that 
fourth system from which the other two have together descended. And 
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as concerns these, we are willing to accept the solution which is fur- 
nished us by the researches of M. Biot, supported as we conceive it to be 
by the general probabilities of the case. Any one who will trace out, 
by the help of a celestial globe or map,* the positions of the Chinese 
determinatives, cannot fail to perceive their general approach to a great 
circle of the sphere which is independent of the ecliptic, and which 
accords more nearly with the equator of B,C. 2350 than with any other 
later one. The full explanations and tables of positions given by Biot 
(Journ. d. Sav., 1840, pp. 243-254) also furnish evidence, of a kind ap- 
preciable by all, that the, system may have had the origin which he 
attributes to it, and that, allowing for the limitations imposed upon it by 
its history, it is consistent with itself, and well enough adapted to the 
purposes for which it was designed. With the positions of its determin» 
ative stars seem to have agreed those of the constellations adopted by 
the common parent of the Hindu and Arab systems, excepting in five or 
six points: those points being where the Chinese make their one unac- 
countable leap from the head to the belt of Orion, and again, where the 
sieu are drawn off far to the southward, in the constellations Hydra and 
Crater: and this, in our view, looks much more as if the series of the 
siew were the original, whose guidance had been closely followed excepte 
ing in a few cases, than as if the asterisms composing the other systems 
had been independently selected from the groups of stars situated along 
the zodiac, with the intention of forming a zodiacal series. It is easy to 
see, farther, how the single determinatives of the stew should have become 
the nuclei for constellations such es are presented by the other systems; 
but if, on the contrary, the siew had been selected by the Chinese, in 
each case, from groups previously constituted, there appears no reason 
why their brightest stars should not have been chosen, as they were cho- 
sen later by the Hindus, in the establishment of junction-stays for the 
asterisms. 

We would suggest, then, as the theory best supported by all the evi- 
dence thus far elicited, that a knowledge of the Chinese astronomy, and 
with it the Chinese system of division of the heavens into twenty-eight 
mansions, was carried into Western Asia at a period not much later 
than B. C. 1100, and was there adopted by some western people, either 
Semitic or Iranian. That in their hands it received a new form, such as 
adapted it to a ruder and less scientific method of observation, the limit- 
ing stars of the mansions being converted into zodiacal groups or éon- 
stellations, and in some instances altered in position, so as to be brought 
nearer to the general planetary path of the ecliptic. That in this 
changed form, having become a means of roughly determining and de- 
scribing the places and movements of the planets, it passed into the 
keeping of the Hindus—very probably along with the first knowledge 
of the planets themselves—and entered upon an independent career of 
history in India. That it still maintained itself in its old seat, leaving its 
traces later in the Bundehesh ; and that it made its way so far westward 
as finally to become known to, and adopted by, the Arabs. The farther 





* We propose to furnish at the close of this publication, in connection with the 
additional notes, such a map of the zodiacal zone of the heavens as will sufficiently 
illustrate the character and mutual relations of the three systems compared. 
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modifications introduced into it by the latter people all have in view a 
single purpose, that of establishing its stations in the immediate neigh- 
borhood of the ecliptic: to this purpose the whole Arab system is not 
less constantly faithful than is the Chinese to its own guiding principle. 
The Hindu sustains in this respect but an unfavorable comparison with 
the others: the arbitrary introduction, in the 15th, 22nd, 23rd, and 24th 
asterisms, of remote northern stars, greatly impairs its unity, and also 
furnishes an additional argument of no slight force against its original- 
ity ; for, on the one hand, the derivation of the others from it becomes 
thereby vastly more difficult, and, on the other, we can hardly believe 
that a system of organic Indian growth could have become disfigured in 
India by such inconsistencies; they wear the aspect, rather, of arbitrary 
alterations made, at the time of its adoption, in an institution imported 
from abroad. 

It might, at first sight, appear that the adoption by the Arabs of the 
manzil corresponding to Agvini as the first of their series indicated that 
they had derived it from India posterior to the transfer by the Hindus 
of the first rank from Krttika, the first of the siew, to Acvini: but the 
circumstance seems readily to admit of another interpretation. The 
names of many of the Arab mansions show the influence of the Greek 
astronomy, being derived from the Greek constellations: the same influ- 
ence would fully explain an arrangement which made the series begin 
with the group coinciding most nearly with the beginning of the Greek 
zodiac. The transfer on the part of the Hindus, likewise, was unques- 
tionably made at the time of the general reconstruction of their astro- 
nomical system under the influence of western science. The two series 
are thus to be regarded as having been brought into accordance in this 
respect by the separate and independent working of the same cause. 

M. Biot insists strongly, as a proof of the non-originality of the sys- 
tem of asterisms among the Hindus, upon its gross and palpable lack 
of adaptedness to the purpose for which they used it; he compares it 
to a gimlet out of which they have tried to make a saw. In this view 
we can by no means agree with him: we would rather liken it to a 
hatchet, which, with its edge dulled and broken, has been turned and 
made to do duty as a hammer, and which is not ill suited to its new and 
coarser office. Indeed, taking the Hindu system in its more perfect 
and consistent form, as applied by the Arabs, and comparing it with the 
Chinese siew at any time within the past two thousand years, we are by 
no means sure that the advantage in respect to adaptation would not be 
generally pronounced to be upon the side of the former. The distance 
of many of the siew during that period from the equator, the faintness 
of some among them, the great irregularity of their intervals, render 
them anything but a model system for measuring distances in right 
ascension. On the other hand, to adopt a series of conspicuous constel- 
lations along the zodiac, by their proximity to which the movements of 
the planets shall be marked, is no unmotived proceeding: just such a 
division of the ecliptic among twelve constellations preceded and led the 
way to the Greek method of measuring by signs, having exact limits, 
and independent of the groups of stars which originally gave name to 
them. M. Biot’s error lies in his misapprehension, in two important 
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respects, of the character of the Hindu asterisms: in the first place, he 
constantly treats them as if they were, like the siew, single stars, the in- 
tervals between whose circles of declination constituted the accepted 
divisions of the zodiac; and in the second place, he assumes them to 
have been established for the purpose of marking the moon’s daily pro- 
gress from point to point along the ecliptic. Now, as regards the first 
of these points, we have already shown above that the conversion of the 
Chinese determinatives into constellations took place, in all probability, 
before their introduction to the knowledge of the Hindus: there is, in- 
deed, an entire unanimity of evidence to the effect that the Hindu sys- 
tem is from its inception one of groups of stars: this is conclusively 
shown by the original dual and plural names of the asterisms, or by their 
otherwise significant titles—compare especially those of the 13th and 
25th of the series. The selection of a “junction-star” to represent the 
asterism appears to be something comparatively modern: we regard it 
as posterior to the reconstruction of the Hindu astronomy upon a truly 
scientific basis, and the determination, by calculation, of the precise pla- 
ces of the planets: this would naturally awaken a desire for, and lead 
to, a similarly exact determination of the position of some star repre- 
senting each asterism, which might be employed in the calculation of 
conjunctions, for astrological purposes; the astronomical uses of the 
system being no longer of much account after the division of the ecliptic 
into signs. And the choice of the junction-star has fallen, in the ma- 
jority of cases, not upon the Chinese determinative itself, but upon some 
other and more conspicuous member of the group originally formed 
about the latter. Again, there is an entire absence of evidence that the 
“portions” of the asterisms, or the ares of the ecliptic named from them, 
were ever measured from junction-star to junction-star: whatever may 
be the discordance among the different authorities respecting their extent 
and limits, they are always freely, and often arbitrarily, taken from parts 
of the ecliptic adjacent to, or not far removed from, the successive con- 
stellations. 

As regards the other point noticed, it is, indeed, not at all to be won- 
dered at that M. Biot should treat the Hindu nakshatras as a system 
bearing special relations to the moon, since, by those who have treated 
of them, they have always been styled “houses of the moon,” “ moon- 
stations,” “lunar asterisms,” and the like. Nevertheless, these designa- 
tions seem to be founded only in carelessness, or in misapprehension. 
In the Sarya-Siddhanta, certainly, there is no hint to be discovered of 
any particular connection between them and the moon, and for this rea- 
son we have been careful never to translate the term nakshatra by any 
other word than simply “asterism.” Nor does the case appear to have 
been otherwise from the beginning. No one of the general names for 
the asterisms (nakshatra, bha, dhishnya) means literally anything more 
than “star” or “ constellation”: their most ancient and usual appella- 
tion, nakshatra, is a word of doubtful etymology (it may be radically 
akin with nakia, nox, dé, “ night”), but it is not infrequently met with 
in the Vedic writings, with the general signification of “star,” or 
“group of stars”: the moon is several times designated as “sovereign 
of the nakshatras,” but evidently in no other sense than that in which 
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we style her “queen of night”; for the same title is in other passages 
given to the sun, and even also to the Milky Way. When the name 
came to be especially applied to the system of zodiacal asterisms, we 
have seen above that a single one of the series, the. 5th, was placed un- 
der the regency of the moon, as another, the 13th, under that of the 
sun: this, too, by no means looks as if the whole design of the system 
was to mark the moon’s daily motions. Naturally enough, sine the 
moon is the most conspicuous of the nightly luminaries, and her revoln- 
tions more rapid and far more important than those of the others, the 
asterisms would practically be brought into much more frequent use in 
connection with her movements: their number, likewise, being nearly 
accordant with the number of days of her sidereal revolution, could not 
but tempt those who thus employed them to set up an artificial relation 
between the two. Hence the Arabs distinctly call their divisions of the 
zodiac, and the constellations which mark them, “ houses of the moon,” 
and, until the researches of M. Biot, no one, so far as we are aware, had 
ever questioned that the number of the asterisms or mansions, wherever 
found, was derived from and dependent on that of the days in the 
moon’s revolution. It was most natural, then, that Western scholars, 
having first made acquaintance with the Arab system, should, on finding 
the same in India, call it by the same name: nor is it very strange, even, 
that Ideler should have gone a step farther, and applied the familiar title 
of “lunar stations” to the Chinese siew also; an error for which he is 
sharply criticised by M. Biot (Journ. d. Sav., 1859, p. 480). The latter 
cites from al-Birdini (Journ. d. Sav. 1845, p. 49; 1859, pp. 487-8) two 
passages derived by him from Vardha-mihira and Brahmagupta respect- 
ively, in which are recorded attempts to establish a systematic relation 
between the asterisms and the moon’s true and mean daily motions. 
One of these passages is exceedingly obscure, and both are irreconcila- 
ble with one another, and with what we know of the system of aster- 
isms from other sources: two conclusions, however, bearing upon the 
present matter, are clearly derivable from them: first, that, as the “ por- 
tions” assigned to the asterisms had no natural and fixed limits, it was 
possible for any Hindu system-maker so to define them as to bring them 
into a connection with the moon’s daily motions: and secondly, that 
such a connection was never deemed an essential feature of the system, 
and hence no one form of it was generally recognized and accepted. 
The considerations adduced by us above are, we think, fully sufficient to 
account for any such isolated attempts at the establishment of a con- 
nection as al-Birdni, who naturally sought to find in the Hindu naksha- 
tras the correlatives of his own mandzil al-kamar, was able to discover 
among the works of Hindu astronomers: there is no good reason why 
we should deprive the former of their true character, which is that of 
zodiacal constellations, rudely marking out divisions of the ecliptic, and 
employable for all the purposes for which such a division is demanded. 
The reason of the variation in the number of the asterisms, which are 
reckoned now as twenty-eight and now as twenty-seven, is a point of no 
small difficulty in the history of the’system. M. Biot makes the acute 
suggestion that the omission of Abhijit from the series took place be- 
cause the mansion belonging to that asterism was on the point of becom- 










































viii. 9.] Sarya-Siddhanta. 353 


ing extinguished, the circle of declination of its junction-star being 
brought by the precession to a coincidence with that of the junction-star 
of the preceding asterism about A.D. 972. But it has been shown 
above that M. Biot’s view of the nature of a nakshatra—that it is, 
namely, the arc of the ecliptic intercepted between the circles of declina- 
tion of two successive junction-stars—is altogether erroneous: however 
nearly those circles might approach one another, there would still be no 
difficulty in assigning to each asterism its “ portion” from the neighbor- 
ing region of the ecliptic. Again, this explanation would not account 
for the early date of the omission of Abhijit, which, as already noticed, 
is found wanting in one of the most ancient lists, that*of the Taittiriya- 
Sanhité. It is to be observed, moreover, that M. Biot, in calculating the 
period of Abhijit’s disappearance, has adopted t Sagittarii as the junc- 
tion-star of Uttara-Ashadha, while we have shown above that o, and 
not t, is to be so regarded: and this substitution would defer until sev- 
eral centuries later the date of coincidence of the two circles of declina- 
tion. According to the Hindu measurements, indeed (see the table of 
positions of the junction-stars, near the beginning of this note), Abhijit 
is farther removed from the preceding asterism, both in polar longitude 
and in right ascension, than are five of the other asterisms from their 
respective predecessors: nor does the Hindu astronomical system ac- 
knowledge or make allowance for the alteration of position of the circles 
of declination under the influence of the precession: their places, as 
data for the calculation of conjunctions, are ostensibly laid down for all 
future time. For these various reasons, M. Biot’s explanation is to be 
rejected as insufficient. A more satisfactory one, in our opinion, may 
be found in the fact, illustrated above (see Fig. 31, beginning of this 
note), that the asterisms are in general so distributed as to accord quite 
well with a division of the ecliptic into twenty-seven equal portions, 
but not with a division into twenty-eight equal portions; that the 
region where they are too much crowded together is that from the 20th 
to the 23rd asterism, and that, among those situated in this crowded 
quarter, Abhijit is farthest removed from the ecliptic, and so is more 
easily left out than any of the others, in dividing the ecliptic into por- 
tions. We cannot consider it at all doubtful that Abhijit is as originally 
and truly a part of the system of asterisms as any other constellation 
in the series, which is properly composed of twenty-eight members, and 
not of twenty-seven: the analogy of the other systems, and the fact 
that treatises like this Siddhanta, which reckon only twenty-seven divi- 
sions of the ecliptic, are yet obliged, in treating of the asterisms as con- 
stellations, to regard them as twenty-eight, are conclusive upon this 
point. The whole difficulty and source of discordance seems to lie in 
this—how shall there, in any systematic method of division of the eclip- 
tic, be found a place and a portion for a twenty-eighth asterism? The 
Khanda-Kataka, as cited by al-Birini—in making out, by a method 
which is altogether irrespective of the actual positions of the asterisms 
with reference to the zodiac, the accordance already referred to between 
their portions and the moon’s daily motions—allots to Abhijit so much 
of the ecliptic as is equivalent to the mean motion of the moon during 
the part of a day by which her revolution exceeds twenty-seven days, 
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Others allow it a share in the proper portions of the two neighboring 
asterisms : thus the Muhdrta-MAla, a late work, of date unknown to us, 
says: “the last quarter of Uttara-Ashadha and the first fifteenth of 
Cravana together constitute Abhijit: it is so to be accounted when 
twenty-eight asterisms are reckoned ; not otherwise.” Ordinarily, how- 
ever, the division of the ecliptic into twenty-seven equal “ portions” is 
made, and Abhijit is simply passed by in their distribution. After the 
introduction of the modern method of dividing the circle into degrees 
and minutes, this last way of settling the difficulty would obviously re- 
ceive a powerful support, and an increased currency, from the fact that 
a division by twenty-seven gave each portion an even number of min- 
utes, 800, while a division by twenty-eight yielded the awkward and 
unmanageable quotient 7712. 

Much yet remains to be done, before the history and use of the sys- 
tem of asterisms, as a part of the ancient Hindu astronomy and astrol- 
ogy, shall be fully understood. There is in existence an abundant liter- 
ature, ancient and modern, upon the subject, which will doubtless at 
some time provoke laborious investigation, and repay it with interesting 
results. To us hardly any of that literature is accessible, and only the 
final results of wide-extended and long-continued studies upon it could 
be in place here. We have already allotted to the nakshatras more 
space than to some may seem advisable: our excuse must be the in- 
terest of the history of the system, as part of the ancient history of 
the rise and spread of astronomical science; the importance attaching 
to the researches of M. Biot, the inadequate attention hitherto paid 
them, and the recent renewal of their discussion in the Journal des Sa- 
vants; and finally and especially, the fact that in and with the asterisms 
is bound up the whole history of Hindu astronomy, prior to its trans- 
formation under the overpowering influence of western science. In the 
modern astronomy of India, the nakshatras are of subordinate conse- 
quence only, and appear as hardly more than reminiscences of a former 
order of things: from the Sirya-Siddhanta might be struck out every 
line referring to them, without serious alteration of the character of the 
treatise. 

Before bringing this note to a close, we present, in the annexed table, 
a comparison of the true longitudes and latitudes of the junction-stars 
of the twenty-eight asterisms, as derived by calculation from the posi- 
tions stated in our text, with the actual longitudes and latitudes of the 
stars with which they are probably to be identified. In a single case, 
(the 27th asterism), we compare the longitude of one star and the lati- 
tude of another; the reason of this is explained above, in connection 
with the identification of the asterism. We add columns giving the 
errors of the Hindu determinations of position: in that for the latitude 
north direction is regarded as positive, and south direction as negative. 

Upon examining the column of errors of latitude presented in this 
table, it will be seen that they are too considerable, and too irregular, 
both in amount and in direction, to be plausibly accounted for other- 
wise than as direct errors of observation and calculation. The grossest 
of them, as has already been pointed out, are committed in the measure- 
ment of southern latitudes, when of considerable amount, and they are 
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Positions, and Errors of Position, of the Junction-Stars of the Asterisms. 




















e aoe Longitude, A. D. 560. Latitude. 
Na. . ) . ¢ 
Hindu. | True. _ “ Hindu. | True. | ante ee 
ee st OR Oe eS 
1| Agvini, 11 59} 13 56 - 1 57| 9 11 N.| 8 28N.) +0 43 8 Arietis, 
2| Bharani, 24 35) 26 54/-2 1911 6“ lus io? - 0 11/85 Arietis, a Musce, 
3|Krttika, 39 8} 39 58-0 50] 444“ | 4 1 “| +043’ Tauri, Aleyone. 
4} Rohini, 48 9| 49 45 -1 36 4 498.| 5 30 8.| +0 At\a Tauri, Aldebaran. 
5|Mrgacirsha, 61 3} 63 4o - 2 37) 9 49 “ |13 25 “ |+ 3 36,~ Orionis, 
6|Ardra, 65 50) 68 43! - 2 53) 8 53“ |\16 4 “| +7 11/a Orionis, 
7|Punarvasu, g2 52] 93 14-0 22} 6 ON, 6 39N.| - 0 39/3 Gemin., Pollux. 
8|Pushya, 106 0/108 42) - 2 42) 0 o 0.4" | -o 4)6 Cancri. 
g| Aglesha, 10g 59/112 20 — 2 21| 656 S.j11 88. +4 12/¢ Hydre. 
10| Magha, 129 0/129 4g -0 49,0 0 0 27N.| — 0 27\a Leonis, Regulus, 
tt|P.-Phalguni, 139 58/141 15-1 17111 19N.114 19 “|-—3 0/8 Leonis. 
12)/U.-Phalguni, 150 10/151 37) —1 a7ra 5 “ |r2 17 “| —0 12/8 Leonis, 
13} Hasta, 174 22/173 27 +0 5510 6 §.|12 108..+2 4/6 Corvi. 
14| Citra, 180 48|183 49-3 1| 150%} 2 2“|+0 12/0 Virginis, Spica. 
15|Svati, 183 2/184 12! —1 10,33 50N.\30 57N\| + 2 53/@ Bootis, Arcturus. 
16| Vigakha, 213 31jarr 0 +2 31/ 1 25 8 1 488.) +0 23)¢ Libre. 


17| Anuradha, 224 44|222 34: +210) 2 52“ | 1 57 “| — 0 55/8 Scorpionis. 
18|Jyeshtha, 230 7/229 44 +0 23) 350 “| 431 “| +0 41/0 Scorp., Antares. 
19/ Mila, 242 521244 33) —1 41| 8 48 “ 113 44 “| + 4 56)a Scorpionis. 
20/P.-Ashadha, [254 39/254 32;+0 7| 528 “| 6 25 “| +0 57/6 Sagittarii. 

21 U.-Ashadha, 260 23/262 oe) -—1 58] 4 59 66 | 324“%|-1 25\6 Sagittarii, 

22| Abhijit, 264 10)265 15-1 559 58N.61 46N. -1 48\a Lyre, Vega. 
23|Cravana, 282 agia8r 41| +0 4829 54 “ |29 19 “| +0 35|a Aquile, Atair. 
24|Qravishtha, 296 5\296 19 — 0 1435 33 “ |31 57 “ | +3 36/3 Delphini. 
25/Qatabhishaj, 319 50\321 33) — 1 43) 0 28 S| 0 238.'-0 5ja Aquarii. 
26|P.-Bhadrapada, 334 25|333 27| +0 58/22 30N.19 25N. +3 5a Pegasi. 
27|U.-Bhadrapada, 347 16/349 8) -1 52/24 1 “ |25 41 “| — 1 4o/y Peg. d&a Androm. 
28| Revati, 359 50/359 50} 0 of 0 O | 0138.)+0 13/6 Piscium. 


























all in the same direction, giving the star a place too far to the north. 
The column of errors in longitude, on the other hand, shows a ver 

marked preponderance of mznus errors, their sum being 33° 54’, while 
the sum of plus errors is only 7°52’. Upon taking the difference of 
these sums, and dividing it by twenty-eight, we find the average error 
of longitude to be — 56’, the greatest deviation from it in either direction 
being — 2° 4’ and + 3°27/.* So far as this goes, it would indicate that 
the Hindu measurements of position were made from a vernal equinox 
situated about 1° to the eastward of that of A. D. 560, and so at a time 
seventy years previous to the date we have assumed for them, or about 
A.D. 490." In our present ignorance of the methods of observation 





* In a comparison in which a high degree of exactness was desired, and was not, 
in the nature of the case, unattainable, it would of course be necessary to take into 
account the proper motions of the stars compared. This we have not thought it 
worth while, in the present instance, to do, We may remark, however, that the 
junction-star of the 15th asterism, Arcturus, has a much greater proper motion than 
any other in the series ; and that, if this were allowed for, according to its value as 
determined by Main (Mem. Roy. Astr. Soc., vol. xix, 4to, 1851), the Hindu error of 
longitude would be diminished about 22’, but that of latitude increased about 35’. 
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employed by the Hindus for this purpose, such a determination of date 
cannot, indeed, be relied upon as exact or conclusive, yet it is the best 
and surest that we can attain. The general conclusion, at any rate, 
stands fast, that the positions of the junction-stars of the asterisms were 
fixed not far from the time when the vernal equinox coincided with the 
initial point of the Hindu sidereal sphere, or during the sixth century 
of our era. 

Since, according to the Hindu theory, the initial point of the sidereal 
sphere is also, for all time, the mean place of the vernal equinox, which 
always reverts to it after a libration of 27° in either direction (see above, 
iii. 9-12), we are not surprised to find the positions of the asterisms pri- 
marily defined upon the supposition of their coincidence. But it is not 
a little strange that the effect of the precession in altering the direction 
of the circles of declination drawn through the junction-stars, and so the 
polar longitudes and latitudes of the latter, should be made no account 
of (see, however, the latter half of v. 12, below, and the note upon it), 
and that directions for calculating the conjunctions of the planets with 
the asterisms according to their positions as thus stated should be given 
(vv. 14-15), unaccompanied by any hint that a modification of the data 
of the process would ever be found necessary. This carelessness is per- 
haps to be regarded as an additional evidence of the small importance 
attached, after the reconstruction of the Hindu astronomy, to calcula- 
tions in which the asterisms were concerned; although it also tends 
strongly to prove what we have suggested above (note to iii. 9-12), that 
in the construction of the Hindu astronomical system the precession was 
ignored altogether. It is to be noticed that the two systems of yogas (see 
above, ii. 65, and additional note upon that passage), originally founded 
upon actual conjunctions with the asterisms, have been divorced from 
any real connection with them. A like consideration might restrain us 
from accepting the determinations of position here presented as the best 
results which Hindu observers and instruments were capable of attaining ; 
yet, in the absence of other tests of their powers, we cannot well help 
drawing the conclusion that the accuracy of a Hindu observation is not 
to be relied on within a degree or two. 


10. Agastya is at the end of Gemini, and eighty degrees south ; 
and Mrgavyadha is situated in the twentieth degree of Gemini; 

11. His latitude (vikshepa), reckoned from his point of declina- 
tion (apakrama), is forty degrees south: Agni (Autabhuj) and Brah- 
mahrdaya are in Taurus, the twenty-second degree ; 

12. And they are removed in latitude (vikshipia), northward, 
eight and thirty degrees respectively. .. . . 


In connection with the more proper subject of this chapter we also 
have laid before us, here and in a subsequent passage (vv. 20-21), the 
defined positions of a few fixed stars which are not included in the sys- 
tem of zodiacal asterisms. The definition is made in the same manner 
as before, by polar longitudes and latitudes. It is not at all difficult to 
identify the stars referred to in these verses ; they were correctly pointed 
out by Colebrooke, in his article already cited (As. Res., vol. ix). Agas- 
tya is « Navis, or Canopus, a star of the first magnitude, and one of the 
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most brilliant in the southern heavens. Its remote southern position, 
only 37° from the pole, renders it invisible to an observer stationed much 
to the northward of the Tropic of Cancer. Its Hindu name is that of 
one of the old Vedic rshis, or inspired sages. The comparison of its 
true position with that assigned it by our text—which, in this instance, 
does not require to be reduced to true longitude and latitudes is as 
follows : 

Agastya .... 99° 0’ . ... . 80% of G. 
QGanopua ... . . 85° 4... . . 99% $e G, 

The error of position is here very considerable, and the variations of 
the other authorities from the data of our text are correspondingly great. 
The Siddhanta-Ciromani and (according to Colebrooke) the Brahma- 
Siddhanta give Agastya 87° of polar longitude, and 77° of latitude, 
which is a fair approximation to the truth: the Graha-Laghava also 
places it correctly in lat. 76° S., but makes its longitude only 80°, which 
is as gross an error as that of the Strya-Siddhanta, but in the opposite 
direction. The C(akalya-Sanhit&é agrees precisely with our treatise as 
respects the positions of these four stars, as it does generally in the 
numerical data of its astronomical system. 

Mrgavyadha, “ deer-hunter”—it is also called Lubdhaka, “ hunter”— 
is e Canis Majoris, or Sirius, the brightest of the fixed stars : 

Mygayyadia . . . . 76° 23’ |. . . Sp 52'S, 
ES is 66 a Se 9. ee a ae 

Here, while all authorities agree with the correct determination of the 
latitude of Sirius presented by our text, the Siddhanta-Ciromani etc. 
greatly reduce its error of longitude, by giving the star 86°, instead of 
80°, of polar longitude: the Graha-Laghava reads 81°, 

The star named after the god of fire, Agni, and called in the text by 
one of his frequent epithets, hutabhuj, “ devourer of the sacrifice,” is the 
one which is situated at the extremity of the northern horn of the Bull, 
or 8 Tauri: it alone of the four is of the second magnitude only : 

ans ik ini sees 54 5/ . 7 4A, 
@ Temi... «+ Ga? de’. s).0e Piggte, 

The very gross error in the determination of the longitude of this star 
is but slightly reduced by the Graha-Laghava, which gives it 53°, instead 
of 52°, of polar longitude. The Siddhanta-Ciromani and Brahma-Sid- 
dhanta omit all notice of any of the fixed stars excepting Canopus and 
Sirius. 

Brahmahrdaya, “ Brahma’s heart,” is « Aurige, or Capella: 
Brahmahbrdaya . . . . 60° 29 . . . . 289 53’ N. 
Capella.....-- 61° 50’. + « . 28° Sa’ Xt. 

The Graha-Laghava, leaving this erroneous determination of latitude 
unamended, adds a greater error of longitude, in the opposite direction 
to that of our text, by giving the star 4° more of polar longitude. 

We shall present these comparisons in a tabular form at the end of the 
chapter, in connection with the other passage of similar import. 


12... . Having constructed a sphere, one may examine the 
corrected (sphuta) latitude and polar longitude (dhruvaka), 
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What is the true meaning and scope of this passage, is a question with 
regard to which there may be some difference of opinion. The com- 
mentator explains it as intended to satisfy the inquiry whether the polar 
longitudes and latitudes, as stated in the text, are constant, or whether 
they are subject to variation. Now although, he says, owing to the 
precession, the values of these quantities are not unalterably fixed, yet 
they are given by the text as they were at its period, and as if they were 
constant, while the astronomer is directed to determine them for his own 
time by actual observation. For this purpose he is to take such a sphere 
as is described below (chap. xiii)—-of which the principal parts, and the 
only ones which would be brought into use in this process, are hoops or 
circles representing the colures, the equator, and the ecliptic—and is to 
suspend upon its poles an additional movable circle, graduated to de- 
grees : this would be, of course, a revolving circle of declination. The 
sphere is next to be adjusted in such manner that its axis shall point to 
the pole, and that its horizon shall be water-level. Then, in the night, 
the junction-star of Revati (¢ Piscium) is to be looked at through a hole 
in the centre of the instrument, and the corresponding point of the 
ecliptic, which is 10’ east of the end of the constellation Pisces, is to be 
brought over it; after that, it will be necessary only to bring the revolv- 
ing circle of declination, as observed through the hole in the centre of 
the instrument, over any other star of which it is desired to determine 
the position, and its polar longitude and latitude may be read off directly 
upon the ecliptic and the movable circle respectively. 

Colebrooke (As. Res., ix. 326; Essays, 1. 324) found this passage 
similarly explained in other commentaries upon the Sirya-Siddhanta to 
which he had access, and also met with like directions in the commen- 
taries on the Siddhanta-Ciromani. 

There are, however, very serious objections to such an interpretation 
of the brief direction contained in the text. It is altogether inconsist- 
ent with the whole plan and method of a Hindu astronomical treatise to 
leave, and even to order, matters of this character to be determined by 
observation. Observation has no such important place assigned to it in 
the astronomical system: with the exception of terrestrial longitude and 
latitude, which, in the nature of things, are beyond the reach of a trea- 
tise, it is intended that the astronomer should find in his text-book every- 
thing which he needs for the determination of celestial phenomena, and 
should resort to instruments and observation only by way of illustration. 
The sphere of which the construction is prescribed in the thirteenth 
chapter is not an instrument for observation: it is expressly stated to be 
“for the instruction of the pupil,” and it is encumbered with such a 
number and variety of different circles, including parallels of declination 
for all the asterisms and for the observed fixed stars, that it could not 
be used for any other purpose: it will be noticed, too, that the com- 
mentary is itself obliged to order here the addition of the only appli- 
ances—the revolving circle of declination and the hole through the cen- 
tre—which make of it an instrument for observation. The simple and 
original meaning of the passage seems to be that, having constructed a 
sphere in the manner to be hereafter described, one may examine. the 
places of the asterisms as marked upon it, and note their coincidence 
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with the actual positions of the stars in the heavens. And we would 
regard the other interpretation as forced upon the passage by the com- 
mentators, in order to avoid the difficulty pointed out by us above (near 
the end of the note on the last passage but one) and to free the Sid- 
dhanta from the imputation of having neglected the precessional varia- 
tion of the circles of declination. M. Biot pronounces the method of 
observation explained by the commentators “almost impracticable,” 
and it can, accordingly, hardly be that by which,the positions of the as- 
terisms were at first laid down, or by which they could be made to un- 
dergo the necessary corrections. Another method, more in accordance 
with the rules and processes of the third chapter, and which appears to 
us to be more authentic and of higher value, is described by Colebrooke 
(as above) from the Siddhanta-Sarvabhauma, being there cited from the 
Siddhanta-Sundara ; it is as follows: 

“A tube, adapted to the summit of the gnomon, is directed toward 
the star on the meridian: and the line of the tube, pointed to the star, 
is prolonged by a thread to the ground. The line from the summit of 
the gnomon to the base is the hypothenuse; the height of the gnomon 
is the perpendicular ; and its distance from the extremity of the thread 
is the base of the triangle. Therefore, as the hypothenuse is to its base, 
so is the radius to a base, from which the sine of the angle, and conse- 
quently the angle itself, are known. If it exceed the latitude [of the 
place of observation], the declination is south; or, if the contrary, it is 
north. The right ascension of the star is calculated from the hour of 
night, and from the right ascension of the sun for that time. The decli- 
nation of the corresponding point of the ecliptic being found, the sum 
or difference of the declinations, according as they are of the same or of 
different denominations, is the distance of the star from the ecliptic. The 
longitude of the same point is computed ; and from these elements, with 
the actual precession of the equinox, may be calculated the true longi- 
tude of the star; as also its latitude on a circle passing through the poles 
of the ecliptic.” 

The Siddhanta-Sarvabhauma also gives the true longitudes and lati- 
tudes of the asterisms, professedly as thus obtained by observation and 
calculation, afld they are reported by Colebrooke in his general table of 
data respecting the asterisms. 

If we are not mistaken, the amount and character of the errors in the 
stated latitudes of the asterisms tend to prove that this, or some kindred 
process, was that by which their positions were actually determined. 


18. In Taurus, the seventeenth degree, a planet of which the 
latitude is a little more than two degrees, south, will split the 
wain of Rohinf. 


The asterism Rohini, as has been seen above, is composed of the five 
principal stars in the head of Taurus, in the constellation of which is 
seen the figure of a wain. The divinity is Prajapati. The distances of 
its stars in longitude from the initial point of the sphere vary from 45° 
46’ (7) to 49° 45’ (a): hence the seventeenth degree of the second + 
sign—the reckoning commencing at the initial point of the sphere, taken 
as coinciding also with the vernal equinox—is very nearly the middle of 
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the wain. The latitude of its stars, again, varies from 2° 36’ (€) to 5° 
47’ (+) S.; hence, to come into collision with, or to enter, the wain, a 
planet must have more than two degrees of south latitude. The Sid- 
dhanta does not inform us what would be the consequences of such an 
occurrence ; that belongs rather to the domain of astrology than of as- 
tronomy. We cite from the Pajicatantra (vv. 238-241) the following 
description of these consequences, derived from the astrological writings 
of Varaha-mihira:* , 

“When Saturn splits the wain of Rohini here in the world, then 
MA&dhava rains not upon the earth for twelve years. 

“When the wain of PrajApati’s asterism is split, the earth, having 
as it were committed a sin, performs, in a manner, her surface being 
strewn with ashes and bones, the kdpdalika penance, 

“Tf Saturn, Mars, or the descending node splits the wain of Rohini, 
why need I say that, in a sea of misfortune, destruction befalls the world? 

“ When the moon is stationed in the midst of Rohini’s wain, then 
men wander recklessly about, deprived of shelter, eating the cooked 
flesh of children, drinking water from vessels burnt by the sun.” 

Upon what conception this curious feature of the ancient Hindu as- 
trology is founded, we are entirely ignorant. 


14. Calculate, as in the case of the planets, the day and night 
of the asterisms, and perform the operation for apparent longi- 
tude (drkkarman), as before: the rest is by the rules for the con- 
junction (melaka) of planets, using the daily motion of the planet 
as a divisor: the same is the case as regards the time. 

15. When the longitude of the planet is less than the polar 
longitude (dhruvaka) of the asterism, the conjunction (yoga) is to 
come; when greater, it is past; when the planet is retrograding 
(vakragati), the contrary is to be recognized as true of the con- 
junction (samdgama). 


The rules given in the preceding chapter for calculating the conjunc- 
tion of two planets with one another apply, of course, with certain mod- 
ifications, to the calculation of the conjunctions of the planets with the 
asterisms. The text, however, omits to specify the most important of 
these modifications—that, namely, in determining the apparent longi- 
tude of an asterism, one part of the process prescribed in the case of a 
planet, the ayanadrkkarman, or correction for ecliptic deviation, is to be 
omitted altogether; since the polar longitude of the asterism, which is 
given, corresponds in character with the dyana graha, or longitude of 
the planet as affected by ecliptic deviation, which must be ascertained 
by the ayanadrkkarman. The commentary notices the omission, but 
offers neither explanation nor excuse for it. The other essential modifi- 
cation—that, the asterism being fixed, the motion of the planet alone is 





* Our translation represents the verses as amended in their readings by Benfey 
(Pantschatantra etc. 2r Theil, nn. 234-237). In the third of the verses, however, 
the reading of the published text, gagi, “moon,” would seem decidedly preferable to 
gikhi, “ descending node”; since the node, being always necessarily in the ecliptic, 
can never come into collision with Rohini’s wain. 
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to be used as divisor in determining the place and time of the conjunc- 
tion—is duly noticed. 
The inaccuracies in the Hindu process for determining apparent lon- 
gitudes, which, as above noticed, are kept within bounds, where the 
lanets alone are concerned, by the small amount of their latitudes, 
would be liable in the case of many of the asterisms to lead to grave er- 
rors of result. 


16. Of the two Phalgunis, the two Bhadrapadas, and likewise 
the two Ashadhas, of Vicékha, Agvini, and Mrgacirsha (sdumya), 
the junction-star (yogatérd) is stated to be the northern (wttara) : 

17. That which is the western northern star, being the second 
situated westward, that is the junction-star of Hasta; of Cra- 
vishtha it is the western : 

18. Of Jyeshtha, Cravana, Anurédha (maitra), and Pushya 
(barhaspatya), it is the middle star: of Bharani, Krttika (dgneya), 
and Magha (pitrya), and likewise of Revati, it is the southern: 

19. Of Rohini, Punarvasu (dditye), and Mala, it is the eastern, 
and so also of Aglesha (sérpa): in the case of each of the others, 
the junction-star (yogatdrakd) is the great (sthila) one. 


We have had occasion above, in treating of the identification of the 
asterisms, to question the accuracy of some of these designations of the 
relative position of the junction-stars in the groups containing them. 
We do not regard the passage as having the same authenticity and 
authority with that in which the determinations of the polar longitudes 
and latitudes are given; and indeed, we are inclined to suspect that all 
which follows the fifteenth verse in the chapter may be a later addition 
to its original content. It is difficult to see otherwise why the state- 
ments given in verses 20 and 21 of the positions of certain stars should 
be separated from those presented above, in verses 10-12. A designa- 
tion of the relative position of the junction-star in each group ought also 
properly to be connected with a definition of the number of stars com- 
posing each, and a description of its configuration—such as are presented 
along with it by other treatises, as the (akalya-Sanhita. The first is even 
in some points ambiguous unless accompanied by the others, since there 
are cases in which the same star has a different position in its asterism 
according as the latter is to be regarded as including a less or a greater 
number of stars. In this respect also, then, the passage looks like a dis- 
connected fragment. Nor is the method of designation so clear and 
systematic as to inspire us with confidence in its accuracy. Upon a 
consideration of the whole series of asterisms, it is obvious that the 
brightest member of each group is generally selected as its junction-star. 
Hence we should expect to find a general rule to that effect laid down, 
and then the exceptions to it specially noted, together with the cases in 
which such a designation would be equivocal. Instead of this, we have 
the junction-stars of only two asterisms containing more than one star, 
namely Abhijit and Qatabhishaj, described by their superior brilliancy, 
while that of the former is not less capable of being pointed out by its 
position than are any of the others in the series. Again, there are cases 
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in which it is questionable which star is meant to be pointed out in a 
group of which the constitution is not doubtful, owing to the very near 
correspondence of more than one star with the position as defined. And 
once more, where, in a single instance, a special effort has apparently 
been made to fix the position of the junction-star beyond all doubt or 
cavil, the result is a failure; for it still remains a matter of dispute how 
the description is to be understood, and which member of the group is 
intended. The case referred to is that of Hasta, which occupies nearly 
all of verse 17. That Colebrooke was not satisfied as to the meaning of 
the description is clear from the fact that he specifies, as the star referred 
to, “y or 5 Corvi.” His translation of the verse, “ 2nd W. of 1st N. W.”, 
conveys to us no intelligible meaning whatever, as applied to the actual 
group. He evidently understood pageimottaratérdyd as a single word, 
standing by euphony for -térdyds, ablative of -taérd. Our own render- 
ing supposes it divided into the two independent words pagcimotta- 
ratéraé yd, or the three pagcimd uttaratard yd. This interpretation is, in 
the first place, supported by the corresponding passage in the Cakalya- 
Sanhita, which reads, “of Hasta, the north-western (vdyav?): it is also 
the second western.” Again, it applies without difficulty to one of the 
stars in the group, namely to y, which we think most likely to be the 
one pointed out—and mainly, because either of the others would admit 
of being more simply and briefly designated, 5 as the northern, # as the 
eastern, « as the southern, and é as the western star. We should, then, 
regard the description as unambiguous, were it not for what is farther 
added, “ being the second situated westward ;” for y is the first or most 
westerly of the five in longitude, and the third in right ascension, while 
the second in longitude and in right ascension respectively are the two 
faint stars ¢ and«. We confess that we do not see how the difficulty is 
to be solved without some emendation of the text. 

We conceive ourselves to be justified, then, in regarding this passage 
as of doubtful authenticity and inferior authority: as already partaking, 
in short, of that ignorance and carelessness which has rendered the 
Hindu astronomers unable, at any time during the past thousand years, 
to point out in the heavens the complete series of the groups of stars 
composing their system of asterisms. None of the other authorities 
accessible to us gives a description of the relative places of the junction- 
stars, excepting the Cakalya-Sanhita, and our manuscript of its text is 
so defective and corrupt at this point that we are able to derive from it 
with confidence the positions of only about a third of the stars. So 
far, it accords with the Sirya-Siddhanta, save that it points out as the 
junction-star of Pirva-Ashadha the brightest, instead of the northern- 
most, member of the group; and here there is a difference in the mode of 
designation only, and not a disagreement as regards the star designated. 


20. Situated five degrees eastward from Brahmabhrdaya is Pra- 
japati: it is at the end of Taurus, and thirty-eight degrees north. 

21. Apamvatsa is five degrees north from Citra: somewhat 
greater than it, as also six degrees to the north of it, is Apas. 


The three stars whose positions are defined in this passage are not 
mentioned in the Cakalya-Sanhitaé, nor in the SiddhAnta-Ciromani and 
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(according to Colebrooke) the Brahma-Siddhanta; only the latter of 
them, Apas, is omitted by the Graha-Laghava, being noticed in the 
Stirya-Siddhanta alone. It may fairly be questioned, for the reason re- 
marked above, whether the original text of our treatise itself contained 
the last two verses of this chapter: moreover, at the end of the next 
chapter (ix. 18), where those stars are spoken of which never set heli- 
acally, on account of their high northern situation, Prajapati is not 
mentioned among them, as it ought to be, if its position had been pre- 
viously stated in the treatise. Still farther on (xiii. 9), in the descrip- 
tion of the armillary sphere, it is referred to by the name of Brahma, 
which, according to the commentary on this passage, and to Colebrooke, 
it also customarily bears. Perhaps another evidence of the unauthen- 
ticity of the passage is to be seen in the fact that the two definitions of 
the polar longitude of Prajapati do not, if taken in connection with verse 
11, appear to agree with one another: a star which is 5° east from the 
position of Brahmahrdaya, as there stated, is not “at the end of Taurus,” 
but at its twenty-seventh degree: this may, however, be merely an inac- 
curate expression, intended to mean that the star is in the latter part, or 
near the end, of Taurus. The Graha-Laghava, which defines the posi- 
tions of all these stars directly, by degrees of polar longitude and lati- 
tude, and not by reference either to the signs or to other stars, gives Pra- 
japati 61° of polar longitude, or 5° more than it assigned to Brahmahr- 
daya: it also adds 1° to the polar latitude as stated in our text. The 
star referred to can hardly be any other than that in the head of the 
Wagoner, or 0 Aurigz (4): 
Prajapati . . . . 67°11’. . . . 36° 49’ N. 
6 Aurige . .. . 69°54’. . . . 30° 4 N. 


The error of latitude is about the same with that which was commit- 
ted with reference to Brahmahrdaya, or Capella. Why so faint and in- 
conspicuous a star should be found among the few of which the Hindu 
astronomers have taken particular notice is not easy to discover. 

The position of the star named Apamvatsa, “ Waters’ Child,” is de- 
scribed in our text by reference to Citra, or Spica Virginis: it is said to 
be in the same longitude, 180°, and 5° farther north; and this, since 
Citra itself is in lat. 2° S., would make the latitude of Apamvatsa 3° N. 
The Graha-Laghava gives it this latitude directly, and also makes its lon- 
gitude agree with that of Spica, which, as already noticed, it places at 
the distance of 183° from the origin of the sphere. Apas, “ Waters” 
(the commentary, however, treats the word as a singular masculine, Apa), 
is put 6° north of Apamvatsa, or in lat. 9° N. It is identified by Cole- 
brooke with 6 Virginis (3), and doubtless correctly : 


Rs 3 Gentes 176° 23. . . « © 15’ O. 
6 Virginis « . . . 1719 28’. . . . 8° 38’ N. 


Colebrooke pronounces Apamvatsa to comprise “the nebulous stars 
marked b 1, 2, 3” in Virgo. We can find, however, no such stars upon 
any map, or in any catalogue, accessible to us, and hence presume that 
Colebrooke must have been misled here by some error of the authority 
on which he relied. There is, on the other hand, a star, + Virginis (4), 
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situated directly between Spica and 4, and at such a distance from each 
as shows almost beyond question that it is the star intended : 

Apamvatsa .. . . 178° 48’... . 2° 45’ N, 

S Virginio... . 1786912! . . . 1° 45 N. 

It is not less difficult in this than in the former case to account for the 
selection of these stars, among the hundreds equalling or excelling them 
in brilliancy, as objects of special attention to the astronomical observers 
of ancient India. Perhaps we have here only the scattered and discon- 
nected fragments of a more complete and shapely system of stellar as- 
tronomy, which flourished in India before the scientific reconstruction of 
the Hindu astronomy transferred the field of labor of the astronomer 
from the skies to his text-books and his tables of calculation. 

The annexed table gives a comparative view of the positions of the 
seven stars spoken of in this and a preceding passage (vv. 10-12) as 
defined by our text and as determined by modern observers : 


Positions of certain Fixed Stars. 





i ition : ition : 
ae ii Hindu positio: True position 


Star compared. 
pol. long.| pol. lat. | long. lat. long. | lat. 





ol 38 ohm ohm °o Ul 
80 0 8.| go of80 08) 85 4:75 50 8.) Argus, Canopus. 
40 0 8.) 76 23/39 52 8.) 84 7/39 32 8.) Canis Maj.,Sirius. 
8 oN.) 54 5) 7 44N.| 62 32] 5 22N)p6 Tauri. 

30 ON.| 60 2928 53N.| 61 50j22 52 N/a Aurige, Capella. 
38 oON.| 67 11/36 49N.) 6954/30 49N.|8 Aurige. 

3 ON.|178 48] 2 45N.)178 12} 1 45NJ9 Virginis. 

9 ON,|176 23) 8 15.N.|171 28] 8 38N|8 Virginis. 


° 

Agastya, go 
Mrgavyddha, | 80 
Agni, 52 
Brahmahrdaya,} 52 
Prajapati, 57 
Apdmvatsa, 180 
A pas, |180 

















©eoo0o0o0o0o - 

















The gross errors in the determinations of position of these stars give 
us a yet lower idea of the character of Hindu observations than we 
derived from our examination of the junction-stars of the asterisms. 

The essay of Colebrooke in the ninth volume of the Asiatic Re- 
searches, to which we have already so often referred, gives farther infor- 
mation of much interest respecting such matters connected with the Hindu 
astronomy of the fixed stars as are passed without notice in our treatise. 
He states the rules laid down by different authorities for calculating the 
time of heliacal rising of Agastya, or Canopus, upon which depends the 
performance of certain religious ceremonies. He also presents a view of 
the Hindu doctrine of the Seven Sages, or rshis, by which name are 
known the bright stars in Ursa Major forming the well-known constella- 
tion of the Wain, or Dipper. To these stars the ancient astronomers of 
India, and many of the modern upon their authority, have attributed an 
independent motion about the pole of the heavens, at the rate of 8’ yearly, 
or of a complete revolution in 2700 years. The Stirya-Siddhanta alludes 
in a later passage (xiii. 9) to the Seven Sages, but it evidently is to be 
understood as rejecting the theory of their proper motion, which is also 
ignored by the Siddhanta-Ciromani. That so absurd a dogma should 
have originated and gained a general currency in India, and that it should 
still maintain itself in many of the astronomical text-books, is, however, 
too striking and significant a circumstance to be left out of sight in esti- 
mating the character of the ancient and native Hindu astronomy. 
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CHAPTER IX. 
OF HELIACAL RISINGS AND SETTINGS. 


Contents :—1, subject of the chapter; 2-3, under what circumstances, and at which 
horizon, the planets rise and set heliacally ; 4-5, method of calculating their dis- 
tances in oblique ascension from the sun; 6-9, distances from the sun at which 
they disappear and re-appear ; 10-11, how to find the time of heliacal setting or 
rising, past or to come ; 12-15, distances from the sun at which the asterisms and 
fixed stars disappear and re-appear; 16-17, mode of determining their times of 
rising and setting; 18, what asterisms and stars never set heliacally. 


1. Now is set forth the knowledge of the risings (udaya) and 
settings (astamaya) of the heavenly bodies of inferior brilliancy, 
whose orbs are overwhelmed by the rays of the sun. 


The terms used for the heliacal settings and risings of the heavenly 
bodies, or their disappearance in the sun’s neighborhood and their return 
to visibility, are precisely the same with those employed to denote their 
rising (udaya) and setting (asta, astamaya, astamana) above and below 
the horizon. The title of the chapter, udaydstddhikdra, is literally 
translated in our heading. 


2. Jupiter, Mars, and Saturn, when their longitude is greater 
than that of the sun, go to their setting in the west; when it is 
less, to their rising in the east: so likewise Venus and Mercury, 
when retrograding. 

8. The moon, Mercury, and Venus, having a swifter motion, 
go to their setting in the east when of less longitude than the 
sun; when of greater, to their rising in the west. 


These specifications are of obvious meaning and evident correctness. 
The planets which have a slower motion than the sun, and so are over- 
taken by him, make their last appearance in the west, after sunset, and 
emerge again into visibility in the east, before sunrise: of those which 
move more rapidly than the sun, the contrary is true: Venus and Mer- 
cury belong to either class, according as their apparent motion is retro- 
grade or direct. 


4. Calculate the longitudes of the sun and of the planet—in 
the west, for the time of sunset; in the east, for that of sunrise— 
and then make also the calculation of apparent longitude (drkkar- 
man) of the planet. 

5. Then the ascensional equivalent, in respirations, of the in- 
terval between the two (/agndntaraprands) will give, when divid- 
ed by sixty, the degrees of time (kdldngds); or, in the west, the 
ascensional equivalent, in respirations, of the interval between 
the two when increased each by six signs. 


Whether a planet will or will not be visible in the west after sunset, 
or in the east before sunrise, is in this treatise made to depend solely 
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upon the interval of time by which its setting follows, or its rising pre- 
cedes, that of the sun, or upon its distance from the sun in oblique 
ascension; to the neglect of those other circumstances—as the declina- 
tion of the two bodies, and the distance and direction of the planet 
from the ecliptic—which variously modify the limit of visibility as thus 
defined. The ascertainment of the distance in oblique ascension, then, 
is the object of the rules given in these verses. In — the 
method of the process, we will consider first the case of a calculation 
made for the eastern horizon. . The time of sunrise having been deter- 
mined, the true longitudes and rates of motion of the sun and the planet 
in question are found for that moment, as also the latitude of the planet. 
Owing to the latter’s removal in latitude from the ecliptic, it will not 
pass the horizon at the same moment with the point of the ecliptic 
which determines jts longitude, and the point with which it does actu- 
ally rise must be found by a separate process. This is accomplished 
by calculating the apparent longitude of the planet, according to the 
method taught in the seventh chapter. There is nothing in the lan- 
guage of the text which indicates that the calculation is not to be made 
in full, as there prescribed, and for the given moment of sunrise: as so 
conducted, however, it would evidently yield an erroneous result; for, 
the planet being above the horizon, the point of the ecliptic to which 
it is then referred by a circle through the north and south points of the 
horizon is not the one to which it was referred by the horizon itself at 
the moment of its own rising. The commentary removes this difficulty, 
by specifying that the akshadrkkarman, or that part of the process 
which gives the correction for latitude, is to be performed “only as 
taught in the first half-verse”’—that is, according to the former part of 
vii. 8, which contains the rule for determining the amount of the correc- 
tion at the horizon—omitting the after process, by which its value is 
made to correspond to the altitude of the planet at the given time. 
Having thus ascertained the points of the ecliptic which rise with the 
sun and with the planet respectively, the corresponding equatorial inter- 
yal, or the distance of the planets in oblique ascension, is found by a 
rule already given (iii. 50). The result is expressed in respirations of 
sidereal time, which are equivalent to minutes of the equator (see above, 
i. 11-12); they are reduced to degrees by dividing by sixty; and the 
degrees thus found receive the technical name of “ time-degrees” 
(kalangds, kilabhagds); they are also called below “degrees of setting” 
(astangds), and “degrees of visibility” (drgydngds). 

If the planet for which the calculation is made has greater longitude 
than the sun, the process, being adapted to the time of sunset, and to the 
western horizon, requires a slight modification, owing to the fact that the 
equivalents of the signs in oblique ascension (iii. 42-45) are given only 
as measured at the eastern horizon. Since 180 degrees of the ecliptic 
are always above the horizon, any given point of the ecliptic wil] set at 
the same moment that another 180° distant from it rises; by adding, 
then, six signs to the calculated positions of the sun and the planet, and 
ascertaining, by iii. 50, the ascensional difference of the two points so 
found, the interval between the setting of the sun and that of the planet 
wil] be determined, 
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Before going on to explain how, from the result thus obtained, the 
time of the planet’s disappearance or re-appearance may be derived, the 
text defines the distances from the sun, in oblique ascension or “degrees 
of time,” at which each planet is visible. 


6. The degrees of setting (asténgds) are, for Jupiter, eleven; 
for Saturn, fifteen; for Mars, moreover, they are seventeen : 

7. Of Venus, the setting in the west and the rising in the east 
take place, by reason of her greatness, at eight degrees; the 
setting in the east and the rising in the west occur, owing to her 
inferior size, at ten degrees : 

8. So also Mercury makes his setting and rising at a distance 
from the sun of twelve or fourteen degrees, according as he is 
retrograding or rapidly advancing. 

9. At distances, in degrees of time (kélabhdgds), greater than 
these, the planets become visible to men; at less distances they 
become invisible, their forms being swallowed up (grasta) by the 
brightness of the sun. 


The moon, it will be noticed, is omitted here; her heliacal rising and 
setting are treated of at the beginning of the next following chapter. 

In the case of Mercury and Venus, the limit of visibility is at a greater 
or less distance from the sun according as the planet is approaching its 
inferior or superior conjunction, the diminution of the illuminated por- 
tion of the disk being more than compensated by the enlargement of 
the disk itself when seen so much nearer fo the earth. 

Ptolemy treats, in the last three chapters (xiii. 7-9) of his work, of 
the disappearance and reappearance of the planets in the neighborhood 
of the sun, and defines the limits of visibility of each planet when in 
the sign Cancer, or where the equator and ecliptic are nearly parallel. 
His limits are considerably different from those defined in our text, being, 
for Saturn, 14°; for Jupiter, 12° 45’; for Mars, 14° 30’; for Venus and 
Mercury, in the west, 5° 40’ and 11° 30’ respectively. 


10. The difference, in minutes, between the numbers thus sta- 
ted and the planet’s degrees of time (kdléngds), when divided by 
the difference of daily motions—or, if the planet be retrograding, 
by the sum of daily motions—gives a result which is the time, in 

ays etc. 

11. The daily motions, multiplied by the corresponding ascen- 
sional equivalents (/allagndsavas), and divided by eighteen hun- 
dred, give the daily motions in time (kélagatz); by means of these 
is found the distance, in days etc., of the time past or to come. 


Of these two verses, the second prescribes so essential a modification 
of the process taught in the first, that their arrangement might have 
been more properly reversed. If we have ascertained, by the previous 
rules, the distance of a planet in oblique ascension from the sun, and if 
we know the distance in oblique ascension at which it wilf disappear or 
re-appear, the interval between the given moment and that at which dis- 
appearance or re-appearance will take place may be readily found by 
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dividing by the rate of approach or separation of the two bodies the dif- 
ference between their actual distance and that of apparition and dispari- 
tion: but the divisor must, of course, be the rate of approach in oblique 
ascension, and not in longitude. The former is derived from the latter 
by the following proportion: as a sign of the ecliptic, or 1800’, is to its 
equivalent in oblique ascension, as found by iii. 42-45, so is the are of 
the ecliptic traversed by each planet in a day to the equatorial equiva- 
lent of that arc. The daily rates of motion in oblique ascension thus 
ascertained are styled the “ time-motions” (Adlagati), as being commen- 
surate with the “ time-degrees” (kdldangds). 


12. Svati, Agastya, Mrgavyadha, Citra, Jyeshtha, Punarvasu, 
Abhijit, and Brahmahrdaya rise and set at thirteen degrees. 

13. Hasta, Cravana, the Phalgunis, Gravishtha, Rohini, and 
Magha become visible at fourteen degrees; also Vicékha and 
Agvini. 

14. Krttika, Anuradha (mditra), and Milla, and likewise Acle- 
shé and Ardra (rdéudrarksha), are seen at fifteen degrees; so, too, 
the pair of Ashadhas. 

15. Bharani, Pushya, and Mrgacirsha, owing to their faintness, 
are seen at twenty-one degrees; the rest of the asterisms become 
visible and invisible at seventeen degrees. 


These are specifications of the distances from the sun in oblique as- 
cension (kdldn¢ds) at which the asterisms, and those other of the fixed 
stars whose positions were defined in the preceding chapter, make their 
heliacal risings and settings. The asterisms we are doubtless to regard 
as represented by their junction-stars (yogatdrd). The classification 
here made of the stars in question, according to their comparative mag- 
nitude and brilliancy, is in many points a very strange and unaccount- 
able one, and by no means calculated to give us a high idea of the 
intelligence and care of those by whom it was drawn up. The first 
class, comprising such as are visible at a distance of 13° from the sun, 
is, indeed, almost wholly composed of stars of the first magnitude; one 
only, Punarvasu (8 Geminorum), being of the first to second, and hav- 
ing for its fellow one of the first (« Geminorum). But the second 
class, that of the stars visible at 14°, also contains four which are of the 
first magnitude, or the first to second; namely, Aldebaran (Rohini), 
Regulus (Magha), Deneb or @ Leonis (Uttara-Phalguni), and Atair or 
e Aquile (Qravana); and, along with these, one of the second to third 
magnitude, 0 Leonis (Ptirva-Phalguni), three of the third, and one; 
¢ Libree (VicAkh4), of the fourth. In this last case, however, it might 
be possible to regard «Libre, of the second magnitude, as the star 
which is made to determine the visibility of the asterism. Among 
the stars of the third class, again, which are visible at 15°, is one, 
a Orionis (Ardra), which, though a variable star, does not fall below 
the first to second magnitude; while with it are found ranked six stars 
of the third magnitude, or of the third to fourth. The class of those 
which are visible at 17°, and which are left unspecified, contains two 
stars of the fourth magnitude, but also two of the second, one of which, 
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a Andromede or 7 Pegasi (Uttara-Bhadrapada), is mentioned below 
(v.18) among those which are never obscured by the too near approach 
of the sun. The stars forming the class which are not to be seen 
within 21° of the sun are all of the fourth magnitude, but they are no 
less distinctly visible than two of those in the preceding class; and in- 
deed, Bharani is palpably more so, since it contains a star of the third 
magnitude, which is perhaps (see above) to be regarded as its junction- 
star. Since Agni, Brahma, Apamvatsa, and Apas are not specially men- 
tioned, it is to be assumed that they all belong in the class of those 
visible at 17°, and they are so treated by the commentator : the first of 
them (8 Tauri) is a star of the second magnitude; for the rest, see the 
last note to the preceding chapter. 

Some of the apparent anomalies of this classification are mitigated or 
removed by making due allowance for the various circumstances by 
which, apart from its absolute brilliancy, the visibility of a star in the 
sun’s neighborhood is favored or the contrary—such as its distance and 
direction from the equator and ecliptic, and the part of the ecliptic in 
which the sun is situated during its disappearance. Many of them, 
however, do not admit of such explanation, and we cannot avoid regard- 
ing the whole scheme of classification as one not founded on careful 
and long-continued observation, but hastily and roughly drawn up in 
the beginning, and perhaps corrupted later by unintelligent imitators 
and copyists. 


16. The degrees of visibility (drcydngds), if multiplied by 
eighteen hundred and divided by the corresponding ascensional 
equivalent (udaydsavas), give, as a result, the corresponding de- 
grees on the ecliptic (kshetrdéngds); by means of them, likewise, 
the time of visibility and of invisibility may be ascertained. 


This verse belongs, in the natural order of sequence, not after the pas- 
sage next preceding, with which it has no special connection, but after 
verse 11. Instead of reducing, as taught in that verse, the motions up- 
on the ecliptic to motions in oblique ascension, the “degrees of time” 
(kdldngds) may themselves be reduced to their equivalent upon the cor- 
responding part of the ecliptic, and then the time of disappearance or 
of re-appearance calculated as before, using as a divisor the sum or dif- 
ference of daily motions along the ecliptic. The proportion by which 
the reduction is made is the converse of that before given; namely, as 
the ascensional equivalent of the sign in which are the sun and the 
planet is to that sign itself, or 1800’, so are the “degrees of visibility” 
(dr¢yangds, or kaldngds) of the planet to the equivalent distance upon 
that part of the ecliptic in which it is then situated. The technical 
name given to the result of the proportion is kshetrangds: kshetra is lit- 
erally “ field, territory,” and the meaning of the compound may be thus 
paraphrased: “the limit of visibility, in degrees, measured upon that 
part of the ecliptic which is, at the time, the territory occupied by the 
planets in question, or their proper sphere.” 


17. Their riging takes place in the east, and their setting in 
the west; the calculation of their apparent longitude (drkkarman) 
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is to be made according to previous rules; the ascertainment of 
the time, in days etc., is always by the daily motion of the sun 
alone. 


This verse should follow immediately after verse +15, to which it at- 
taches itself in the closest manner. The dislocation of arrangement in 
the latter part of this chapter is quite striking, and is calculated to sug- 
gest a suspicion of interpolations. 

The directions given in the verse require no explanation: they are 
just such an adaptation of the processes already prescribed to the case 
of the fixed stars as that made in verse 14 of the last chapter. The 
commentary points out again that the calculation of the correction for 
latitude (akshadrkkarman) is to be made only for the horizon, or as 
stated in the first half-verse of the rule. 


18. Abhijit, Brahmahrdaya, SvAti, — (vdishnava), Qra- 
vishtha (vésava), and Uttara-Bhadrapada (ahirbudhnya), owing to 
their northern situation, are not extinguished by the sun’s rays. 


It may seem that it would have been a more orderly proceeding to 
omit the stars here mentioned from the specifications of verses 12-15 
above; but there is, at least, no inconsistency or inaccuracy in the double 
statement of the text, since some of the stars may never attain that dis- 
tance in oblique ascension from the sun which is there pointed out as 
their limit of visibility. We have not thought it worth the trouble to 
go through with the calculations, and ascertain whether, according to 
the data and methods of this treatise, these six stars, and these alone, 
of those which the treatise notices, would never hecome invisible at 
Ujjayini. It is evident, however, as has already been noticed above 
(viii. 20-21), that the star called Brahma or Prajapati (0 Aurige) is not 
here taken into account, since it is 8° north of Brahmahrdaya, and con- 
sequently can not become invisible where the latter does not. 





CHAPTER X. 


OF THE MOON’S RISING AND SETTING, AND OF THE ELEVATION 
OF HER CUSPS. 


Contents :—1, of the heliacal rising and setting of the moon ; 2-5, how to find the 
interval from sunset to the setting or rising of the moon; 6-8, method of deter- 
mining the moon’s relative altitude and distance from the sun at sunset ; 9, to as- 
certain the measure of the illuminated part of her disk; 10-14, method of delin- 
eating the moon’s appearance at sunset; 15, how to make the same calculation 
and delineation for sunrise. 


1. The calculation of the heliacal rising (wdaya) and setting 
(asta) of the moon, too, is to be made by the rules already given. 
At twelve degrees’ distance from the sun she becomes visible in 
the west, or invisible in the east. 
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In determining the time of the moon’s disappearance in the neighbor- * 
hood of the sun, or of her emergence into visibility again beyond the 
sphere of his rays, no new rules are required; the same methods being 
employed as were made use of in ascertaining the time of heliacal set- 
ting and rising of the other planets: they were stated in the preceding 
chapter. The definition of the moon’s limit of visibility would have 
been equally in order in the other chapter, but is deferred to this in 
order that the several processes in which the moon is concerned may 
be brought together. The title of the chapter, erngonnatyadhikara, 
“chapter of the elevation of the moon’s cusps” (¢rnga, literally “ horn”), 
properly applies only to that part of it which follows the fifth verse. 

The degrees spoken of in this verse are, of course, “ degrees of time” 
(kalangds), or in oblique ascension. 


2. Add six signs to the longitudes of the sun and moon re- 
spectively, and find, as in former processes, the ascensional equiv- 
alent, in respirations, of their interval (lagndntardsavas) : if the 
sun and moon be in the same sign, ascertain their interval in 
minutes. 

8. Multiply the daily motions of the sun and moon by the re- 
sult, in nadis, and divide by sixty; add to the longitude of each 
the correction for its motion, thus found, and find anew their in- 
terval, in respirations ; 

4, And so on, until the interval, in respirations, of the sun 
and moon is fixed: by so many respirations does the moon, in 
the light half-month (gukla), go to her setting after the sun. 

5. Add half a revolution to the sun’s longitude, and calculate 
the corresponding interval, in respirations: by so many respira- 
tions does the moon, in the dark half-month (trshnapaksha), come 

her rising after sunset. 


The question here sought to be solved is, how long after sunset upon 
any given day will take place the setting of the moon in the crescent 
half-month, or from new to full moon, and the rising of the moon in 
the waning half-month, or from full to new moon. The general process 
is the same with that taught in the last chapter, for obtaining a like 
result as regards the other planets or fixed stars: we ascertain, by the 
rules of the seventh chapter—applying the correction for the latitude 
according to its value at the horizon, as determined by the first part of 
vii. 8—the point of the ecliptic which sets with the moon; and then the 
distance in oblique ascension between this and the point at which the 
sun set will measure the required interval of time. An additional cor- 
rection, however, needs to be applied to the result of this process in the 
case of the moon, owing to her rapid motion, and her consequent per- 
ceptible change of place between the time of sunset and that of her own 
setting or rising: this is done by calculating the amount of her motion 
during the interval as first determined, and adding its equivalent in ob- 
lique ascension to that interval; then calculating her motion anew for 
the increased interval and adding its ascensional equivalent—and so on, 
until the desired degree of accuracy is attained. 
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The process thus explained, however, is not precisely that which is 
prescribed in the text. We are there directed to calculate the amount 
of motion both of the sun and moon during the interval between the 
setting of the sun and that of the moon, and, having applied them to 
the longitudes of the two bodies, to take the ascensional equivalent of 
the distance between them in longitude, as thus doubly corrected, for 
the precise time of the setting of the moon after sunset. In one point 
of view this is false and absurd; for when the sun has once passed the 
horizon, the interval to the setting of the moon will be affected only by 
her motion, and not at all by his. In another light, the process does not 
lack reason: the allowance for the sun’s motion is equivalent to a reduc- 
tion of the interval from sidereal (nékshatra) time to civil, or true solar 
(s4vana) time, or from respirations which are thirty-six-hundreths of the 
earth’s revolution on its axis to such as are like parts of the time from 
actual sunrise to actual sunrise. But such a mode of measuring time is 
unknown elsewhere in this treatise, which defines (i. 11-12) and employs 
sidereal time alone, adding (ii. 59) to the sixty nadis which constitute a 
sidereal day so much sidereal time as is needed to make out the length 
of a day that is reckoned by any other method. It seems necessary, 
then, either to suppose a notable blunder in this passage, or to recognize 
in it such a departure from the usual methods of the treatise as would 
show it to be an interpolation. Probably the latter is the alternative to 
be chosen: it is, at any rate, that which the commentator prefers: he 
pronounces the two verses beginning with the second half of verse 2, 
and ending at the middle of verse 4, to be spurious, and the true text of 
the Siddhanta to comprise only the first half of verse 2 and the second 
of verse 4; these would form together a verse closely analogous in its 
method and expression with verse 5, which teaches the like process for 
moon-rise, in the waning half-month. Fortified by the authority of the 
commentator, we are justified in assuming that the Sirya-Siddhai 
originally neglected, in its process for calculating the time of the mooms” 
setting, her motion during the interval between that time and sunset, 
and that the omission was later supplied by another hand, from some 
other treatise, which reckoned by solar time instead of sidereal. This 
doesmot, however, explain and account for the second half of the second 
verse ; which, if it has any meaning at all, different from that conveyed 
in the former part of the same verse, seems to signify that when the sun 
and moon are so near one another as to be in the same sign, the discord- 
ance between distances on the ecliptic and their equivalents upon the 
equator may be neglected, and the difference of longitude in minutes 
taken for the interval of time in respirations. 

If the time is between new and full moon, the object of the process is 
to obtain the interval from, sunset to the setting of the moon; as both 
take place at the western horizon, the two planets are transferred to the 
eastern horizon, in order to the measurement of their distance in ascen- 
sion: if, on the other hand, the moon has passed her full, the time of 
moonrise is sought; here the sun alone is transferred, by the addition of 
180° to his longitude, to the eastern horizon, as taught in verse 5. The 
equation to be applied to the longitude of both planets is found by the 
familiar proportion—as sixty nadis are to the given interval in nAdis, so 
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is the true daily motion of the planet to its actual motion during that 
interval. 


6. Of the declinations of the sun and moon, if their direction 
be the same, take the difference; in the contrary case, take the 
sum: the corresponding sine is to be regarded as south or north, 
according to the direction of the moon from the sun. 

7. Multiply this by the hypothenuse of the moon’s mid-day 
shadow, and, when it is north, subtract it from the sine of lati- 
tude (aksha) multiplied by twelve; when it is south, add it to 
the same. 

8. The result, divided by the sine of co-latitude (Jamba), gives 
the base (bhuja), in its own direction; the gnomon is the perpen- 
dicular (Koti); the square"root of the sum of their squares is the 
hypothenuse. 


In explaining the method of this process, we shall follow the guidance 
of the commentator, pointing out afterwards wherein he varies from 
the strict letter of the text: for illustration we refer to the accompany- 
ing figure (Fig. 32). 

The figure represents the south-western quarter of the visible sphere, 

Fic. 39. seen as projected upon the 
vo plane of the meridian; Z being 
the zenith, Y the south point, 
WY the intersection of the 
horizontal and meridian planes, 
and W the projection of the 
west point. Let Z Q equal the 
latitude of the place of obser- 
vation, and let QT and QO be 
the declinations of the sun and 
moon respectively, at the given 
time: then WQ, ST, and NO 
will be the projections of the 
equator and of the diurnal cir- 
cles of the sun and moon. Sup- 
pose, now, the sun to be upon 
the horizon, at S, and the moon 
to have a certain altitude, being at M: draw from M the perpendicular 
to the plane of the horizon M L, and join MS: it is required to know 
the relation to one another of the three sides of the triangle SL M, in 
order to the delineation of the moon’s appearance when at M, or at the 
moment of sunset. 

Now ML is evidently the sine of the moon’s altitude at the given 
time, which may be found by methods already more than once described 
and illustrated. And SL is composed of the two parts S N and NL, of 
which the former depends upon the distance of the moon in declination 
from the sun, and the latter upon the moon’s altitude. But SN is one 
of the sides of a right-angled triangle, in which the angle NSO is equal 
to the observer’s co-latitude, and N 6} to the sum of the sine of declina- 
tion of the sun, cb or Wa, and that of the moon, Ne. Hence 
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sindSN:8N::R:SN 
or sin co-lat.: sum of sines of decl.:: R:SN 
and SN=(R X sum of sines of decl.) sin co-lat. 


In like manner, since, in the triangle M N L, the angles at Mand N 
are respectively equal to the observer’s latitude and co-latitude, 

sin MNL:sin LMN::ML:NL 
or sin co-lat, : sin. lat. :: sin alt. : NL 
and NL =(sin alt. x sin lat.) = sin co-lat. 

We have thus found the values of ML and the two parts of SL in 
terms of the general sphere, or of a circle whose radius is tabular radius: 
it is desired farther to reduce them to terms of a circle in which ML 
shall equal the gnomon, or twelve digits. And since the gnomon is 
equal to the sine of altitude in a circle of which the hypothenuse of the 
corresponding shadow is radius (compare above, iii. 25-27 etc.), this re- 
duction may 4 effected by multiplying the quantities in question by the 
hypothenuse of the shadow and dividing by radius. That is to say, rep- 
resenting the reduced values of S N and N L by sn and n/ respectively, 

R: hyp. shad.:: ML: gnom, 

R:hyp. shad.:: SN: sn 

R: hyp. shad.:: NL: nl 
Substituting, now, in the second and third of these proportions the val- 
ues of S N and N L found for them above, and substituting also in the 
third the value of the hypothenuse of the shadow derived from the first, 
we have 


R: hyp. shad. : : 


which reduce to 
hyp. shad. X sum sin deel. 
m= 
sin co-lat, 
Hence, if the perpendicular M L be assumed of the constant value of the 
gnomon, or twelve digits, we have 


SL= (hyp. shad. X sum sin decl.) ++ (sin lat. x gnom.) 
bi sin co-lat. 


R X sum sin decl. 
sin co-lat, 


_RX gnom, _ sin alt.Xsin lat. 
om on B: sinalt. “° sinco-lat, ~ 








sin lat. X gnom, 


i= 
, mea sin co-lat. 














In the case thus far considered the sun and moon have been supposed 
upon opposite sides of the equator. If they are upon the same side, 
the sun setting at S’, or if their sines of declination, S’d and Nc, are of 
the same direction, the value of S/N, the corresponding part of the 
base 8’ L, will be found by treating in the same manner as before the 
difference of the sines, S’e, instead of their sum. In this case, too, the 
value of S’e being north, S’N will have to be subtracted from NL to 
give the base S’L. Other positions of the two luminaries with respect 
to one another are supposable, but those which we have taken are suffi- 
cient to illustrate all the conditions of the problem, and the method of 
its solution. 

It is evident that, in two points, the process as thus explained by the 
commentator is discordant with that which the text prescribes. The 
latter, in the first place, tells us to take, not the suin or difference of the 
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sines of declination, but the sine of the sum or difference of declinations, 
as the side 6 N of the triangle SN. This seems to be a mere inaccu- 
racy on the part of the text, the difference between the two quantities, 
which could never be of any great amount, being neglected : it is, how- 
ever, very hard to see why the less accurate of the two valuations of the 
quantity in question should have been selected by the text ; for it is, if 
anything, rather less easy of determination than the other. The other 
discordance is one of much more magnitude and importance : the text 
speaks of the “hypothenuse of the moon’s mid-day shadow” (madhyéh- 
nenduprabhakarna), for which the commentary substitutes that of the 
shadow cast by the moon at the given moment of sunset. The com- 
mentator attempts to reconcile the discrepancy by saying that the text 
means here the moon’s shadow as calculated after the method of a noon- 
shadow ; or again, that the time of sunset is, in effect, the middle of the 
day, since the civil day is reckoned from sunrise to sunrise: but neither 
of these explanations can be regarded as satisfactory. The commenta- 
tor farther urges in support of his understanding of the term, that we 
are expressly taught above (vii. 11) that the calculation of apparent 
longitude (drkkarman) is to be made in the process for finding the ele- 
vation of the moon’s cusps; while, if the hypothenuse of the moon’s 
meridian-shadow be the one found, there arises no occasion for making 
that calculation. It seems clear that, unless the commentator’s under- 
standing of the true scope and method of the whole process be errone- 
ous, the substitution which he makes must necessarily be admitted. This 
is a point to which we shall recur later. 


9. The number of minutes in the longitude of the moon di- 
minished by that of the sun gives, when divided by nine hun- 
dred, her illuminated part (gukla): this, multiplied by the num- 
ber of digits (angula) of the moon’s disk, and aivided by twelve, 
gives the same corrected (sphuta). 


The rule laid down in thiggverse, for determining the measure of the 
illuminated part of the mo@M, applies only to the time between new 
moon and full moon, when the moon is Jess than 180° from the sun: 
when her excess of longitude is more than 180°, the rule is to be ap- 
plied as stated below, in verse 15. As the whole diameter of the moon 
is illuminated when she is half a revolution from the sun, one half 
her diameter at a quarter of a revolution’s distance, and no part of it at 
the time of conjunction, it is assumed that the illuminated portion of her 
diameter will vary as the part of 180° by which she is distant from the 
sun; and hence that, assuming the measure of the diameter of her 
disk to be twelve digits, the number of digits illuminated may be found 
by the following proportion: as half a revolution, or 10,800’, is to 
twelve digits, so is the moon’s distance from the sun in minutes to the 
corresponding part of the diameter illuminated: the substitution, in the 
first ratio, of 900: 1 for 10,800: 12, gives the rule as stated in the text. 
Here, it will be noticed, we have for the first and only time the Greek 
method of measuring the moon’s diameter, by equal twelfths, or digits : 
from this scale a farther reduction is made to the proper Hindu scale, as 
determined by the methods of the fourth chapter (see above, iv. 2-3, 26), 
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by another proportion: as twelve is to the true diameter in digits, so is 
the result already found to the true measure of the part of the diameter 
illuminated. 

It is not to be wondered at that the Hindus did not recognize the el- 
lipticity of the line forming the inner boundary of the moon’s illumina- 
ted part: it is more strange that they ignored the obvious fact that, 
while the illuminated portion of the moon’s spherical surface visible from 
the earth varies very nearly as her distance from the sun, the apparent 
breadth of the bright part of her disk, in which that surface is seen pro- 
jected, must vary rather as the versed sine of her distance. 


10. Fix a point, calling it the sun: from that lay off the base, 
in its own proper direction; then the perpendicular, toward the 
west; and also the hypothenuse, passing through the extremity 
of the perpendicular and the central point. | 

11. From the point of intersection of the perpendicular and 
the hypothenuse describe the moon’s disk, according to its di- 
mensions at the given time. Then, by means of the hypothe- 
nuse, first make a determination of directions; 

12. And lay off upon the hypothenuse, from the point of its 
intersection with the disk, in an inward direction, the measure of 
the illuminated part: between the limit of the illuminated part 
and the north and south points draw two fish-figures (maésya) ; 

13. From the point of intersection of the lines passing through 
their midst describe an arc touching the three points: as the disk 
already drawn appears, such is the moon upon that day. 

14. After making a determination of directions by means of 
the perpendicular, point out the elevated (wnnata) cusp at the 
extremity of the cross-line: having made the perpendicular 
(Koti) to be erect (unnaia), that is the appearance of the moon. 

15. In the dark half-month subtract_the longitude of the sun 
increased by six signs from that of tii moon, and calculate, in 
the same manner as before, her dark part. In this case lay off 
the base in a reverse direction, and the circle of the moon on the 
west. 


Having made tke calculations prescribed in the preceding passages, 
we are now to project their results, and to exhibit a representation of 
the moon as she will appear at the given time. The annexed figure 
(Fig. 33) will illustrate the method of the projection. 

We first fix upon a point, as S, which shall represent the position of 
the sun’s centre upon the western horizon at the moment of sunset, and 
we determine, in the manner taught at the beginning of the third chap- 
ter, the lines of cardinal direction of which it is the centre. From this 

oint we then lay off the base (bhwa) S L, according to its value in dig- 
its as ascertained by the previous process, and northward or southward, 
according to its true direction as determined by the same process. From 
L, its extremity, is laid off the perpendicular (Koti), which has the fixed 
value of twelve digits. This, being a line perpendicular to the plane of 
the horizon, may be regarded as having no proper direction of its own 
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upon the surface of projection: but the text directs us to lay it off west- 
Fic. 33. ward from L, apparently in order that 

~ the observer, standing upon the east- 

ern side of his base 8 L, and looking 
westward toward the setting sun, 
may have his figure duly before him. 
The western extremity of the perpen- 
dicular, M, represents the moon’s 
s place, and from that as a centre, and 
with a radius equal to the semi-diam- 
eter of the moon in digits, as ascer- 
tained by calculation for the given 
moment, a circle is described, repre- 
senting the moon’s disk. Next we 
are to prolong the hypothenuse, S M, to e, and to draw, by the usual 
means, the line sn at right angles to it: the directions upon the disk 
thus determined by the hypothenuse, as the text phrases it, are called by 
the commentary “ moon-directions” (candradigas). The sun being at S, 
the illuminated half of the moon’s circumference will be s wn, the cusps 
will be at s and n, and w will be the extremity of the diameter of great- 
est illumination. From w, then, lay off upon the hypothenuse an amount, 
w x, equal to the measure in digits of the illuminated part of the diam- 
eter, and through s, z, and n describe an arc of a circle, in the manner 
already more than once explained (see above, vi. 14-16) ; the crescent 
swnz will represent the amount and direction of the moon’s illumina- 
ted part at the given time. Now we once more make a determination 
of directions upon the disk according to the perpendicular L M; that is 
to say, we prolong L M to e’, and draw s’ n’ at right angles to it: the 
directions thus established are styled in the commentary “ sun-directions” 
(stryadigas), although without obvious propriety : they might rather be 
called “apparent directions,” or “ directions on the sphere,” since s’ n’ 
should represent a line parallel with the horizon, and w’ e’ one perpendicu- 
lar to it. . The line s’n’ is called in the text the “ cross-line” (teryaksétra), 
and whichever of the moon’s cusps is found upon that line is, we are told, to 
be regarded as the elevated (unnata) cusp, the other being the depressed 
one (nata). Whenever there is any base (bhuja), as SL, or whenever 
the moon and sun are not upon the same vertical line M L, there will 
take place, of course, a tilting of the moon’s disk, by which one of her 
cusps will be raised higher above the horizon than the other; the rela- 
tive value of the base to the perpendicular will determine the amount of 
the tilting, and of the deflection of the points of direction nesw from 
n'e’s'w’; and the elevated cusp will always be that upon the same side 
of the perpendicular on which the base lies. What is meant by the 
latter half of verse 14 is not altogether clear. The commentator explains 
it in quite a different manner from that in which we have translated it: 
he understands oti as meaning in this instance “ cusp,” which signifi- 
cation it is by derivation well adapted to bear, and does actually receive, 
although not in any other passage of this treatise: and he explains the 
verb krivd, “having made,” by drshtvd, “having seen”: the phrase 
would then read “beholding the elevated cusp.” We cannot accept 
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this explanation as a plausible one: to us the meaning seems rather to 
be that whereas, in the projection, the perpendicular (foti) LM is drawn 
on a horizontal surface, we are, in judging of the projection as an actual 
representation of the moon’s position, to conceive of that line as 
erected, set up perpendicularly. 

We have thus far only supposed a case in which the calculations are 
made for the moment of sunset, the situation of the moon being in the 
western hemisphere of the heavens. In the text, however, there is noth- 
ing whatever to limit or determine the time of calculation, and it is evi- 
dent that the process of finding the base and perpendicular will be pre- 
cisely the same, if S (Fig. 32) be taken upon the eastern horizon, and 
the triangle S L M in the eastern hemisphere. The last verse supposes 
these to be the conditions of the problem, and lays down rules for de- 
termining in such a case the amount of illumination, and for drawing the 

rojection. As regards the measure of the illuminated part, we are to 
ollow the same general method as before, only substituting for the 
moon’s distance in longitude from the sun her distance from the point 
of opposition, and regarding the result obtained as the measure of that 
part of the diameter which is obscured (asita, “ black”); since, during 
the waning half-month, darkness grows gradually over the moon’s face 
in the same manner as illumination had done during the crescent half- 
month. But why the base (bhuja) is now to be laid off in the opposite 
to its calculated direction, we find it very hard to see. The commenta- 
tor says it is because all the conditions of the problem are reversed by 
our having to calculate and lay off the obscured, instead of the illumina- 
ted, part of the moon’s disk: but the force of this reason is not apparent. 
The establishment in the projection of a point representing the position 
of the sun is, in effect, the one condition which sufficiently determines 
all the rest: if we are to make a projection corresponding to that 
drawn in illustration of the other case, we ought, it should seem, to 
draw the base in its true direction, and, stationing the observer upon the 
western side of it, looking eastward, to lay off the perpendicular away 
from him, toward the east; and then to proceed as before, only measur- 
ing the obscured part of the diameter from its remoter extremity, in- 
stead of from that next the sun. This latter direction is regarded by 
the commentator as actually conveyed in the final clause of verse 15: he 
interprets “the circle (mandala) of the moon” to mean the dark part of 
the moon’s disk, or that which is to be pointed out as increasing during 
the waning half-month, and “on the west” to mean on the western side 
of the complete disk, which is the side now turned away from the sun. — 
It seems to us exceedingly questionable whether the passage fairly admits 
of this interpretation, but we have no other explanation of it to offer— 
unless, indeed, it is to be looked upon as a virtual repetition of the for- 
mer direction to lay off the perpendicular, which determines the posi- 
tion of the moon’s disk, towards the west. 

We must confess that we feel less satisfied with our comprehension of 
the scope and methods of this chapter than of any that precedes it. We 
are disappointed at finding the result arrived at one of so indefinite a 
character, and of so little significance. The whole laborious calculation 
seems to be made simply for the sake of delineating the appearance of 
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the moon at a given moment, and pointing out which of her two horns 
has the greater altitude. No determination is made of the amount of 
angular deflection, upon which any consequences, meteorological, astro- 
logical, or of any other character, could be founded; nor is any hint 
given of the way in which the results of the process are to be turned to 
account. Moreover, while the object aimed at seems thus to be merely 
a projection, a time is selected at which the moon is not ordinarily visi- 
ble, so that she can not be seen to exhibit an accordance with her deline- 
ated appearance! Once more, the whole process is an extremely faulty 
one: it is, in fact, only when the moon is herself at the horizon that her 
visible disk can be regarded as in the same plane with lines parallel with 
and perpendicular to the horizon, or that e’ w’ and n’s’ (Fig. 33) repre- 
sent actual directions upon her face: anywhere else, the relations of the 
moon’s disk at M in the first figure (Fig. 32) and at M in the other fig- 
ure (Fig. 33) are so different that the latter cannot fairly represent the 
former. It would seem, indeed, as if the moment of the moon’s own 
setting or rising were the one for which such a calculation and projec- 
tion as this would have most significance: at that time, the disappear- 
ance or appearance of one of her horns before the other would be such 
a phenomenon as might seem to a Hindu astronomer worth the trouble 
of delineating, as a decisive proof of the accuracy of his scientific 
knowledge. We have not found it possible, however, to make the rules 
of the text apply to such a case, and the commentary is explicit in its 
definition of the time of the calculation, as sunset or sunrise alone, to 
the exclusion of any other moment. But the discordance existing at 
more than one point in the chapter between the text and the commen- 
tary suggests the conjecture that the original design of the one and the 
traditional interpretation of it represented by the other may be at vari- 
ance, and we are not without suspicions that the text may have been 
altered, so as not now fairly and accurately to represent any one consist- 
ent process. A better understanding of the general object of the calcu- 
lation and the use made of its results, and an acquaintance with the so- 
lutions of the problem presented by other astronomical treatises, might 
throw additional light upon these points; but we are not able at present 
fully to avail ourselves of such assistance, nor is the importance of the 
subject such as to render incumbent upon us its fuller elucidation. 





CHAPTER XI. 
OF CERTAIN MALIGNANT ASPECTS OF THE SUN AND MOON. 


Contents :—1-5, definition and description of the malignant aspects of the sun and 
mooa, when of equal declination; 6-11, to find the longitude of the sun and 
moon when their declinations are equal; 12-13, to ascertain the corresponding 
time ; 14-15, to determine the duration of the aspect, and the moment of its be- 
ginning and end; 16-18, its continuance and its influences; 19, when such an as- 
pect may occur more than once, or not at all; 20, occurrence of the yoga of like 
name and character; 21, of unlucky points in the circle of asterisms; 22, caution 
as to these unlucky aspects and points; 23, introductory to the following chapters, 
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1. When the sun and moon are upon the same side of either 
solstice, and when, the sum of their longitudes being a circle, 
they are of equal declination, it is styled vdidhria. 

2. When the moon and sun are upon opposite sides of either 
solstice, and their minutes of declination are the same, it is 
vyatipdia, the sum of their longitudes being a half-circle. 

3. Owing to the mingling of the nets of their equal rays, the 
* fire arising from the wrathfulness of their gaze, being driven on 
by the provector (pravaha), is originated unto the calamity of 
mortals. 

4, Since a fault (pdia) at this time often causes the destruction 
of mortals, it is known as vyatipdia, or, by a difference of title, 
vaidhrti, 

5. Being black, of frightful shape, bloody-eyed, big-bellied, the 
source of misfortune to all, it is produced again and again. 


Of all the chapters in the treatise, this is the one which has least in- 
terest and value. It is styled patddhikdra, “chapter of the pétas,” and 
concerns itself with giving a description of the malignant character of 
the times when the sun and moon have equal declination, upon the same 
or opposite sides of the equator, and with laying down rules by which 
the time of occurrence of those malignant aspects may be calculated. 
The latter part alone properly falls within the province of an astronom- 
ical treatise like the present: the other would better have been left to 
works of a professedly astrological character. The term pdia, applied to 
the aspects in question, means literally “fall,” and hence also either 
“fault, transgression,” or “calamity.” We have often met with it above, 
in the sense of “ node of a planet’s orbit”; as so used, it was probably first 
applied to the moon’s nodes, because they were the points of danger in 
her revolution, near which the sun or herself was liable to fall into the 
jaws of RAhu (see above, iv. 6) ; and it was then transferred also, though 
without the same reason, to the nodes of the other planets. As it is 
employed in this chapter, we translate it simply “aspect.” Why the 
time when the sun and moon are equally distant from the equator should 
be looked upon as so especially unfortunate is not easy to discover, not- 
withstanding the lucid explanation furnished in the third verse. For the 
“provector” (pravaha), the wind which carries the planets forward in 
their orbits, see above, ii. 3, When the equal declinations are of oppo- 
site direction, the aspect. is denominated vdidhrta, or vdidhrti. This 
word is a secondary derivative from vidhrti, “holding apart, withhold- 
ing,” or from vidhria: it has been noted above (under ii, 65) as the 
name of the last yoga; and its use here is not discordant with that, 
since the twenty-seventh yoga also occurs when the sum of the longi- 
tudes of the sun and moon is 360°. The title of the other aspect (pda), 
which occurs when the sun and moon are equally removed from the 
equator upon the same side of it, is vyatipdta, which may be rendered 
“very excessive sin or calamity.” This, too, is the name of one of the 
yogas, but not of that one which occurs when the sum of longitudes of 
the sun and moon is 180°: the discordance gives occasion for the ex- 
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planation contained in verse 20, below. The specification of the text, 
that the aspects take place when the sum of longitudes equals a circle 
or a half-circle respectively, or when the two luminaries are equally dis- 
tant from either solstice, or either equinox, is not to be understood as 
exact: this would be the case if the moon had no motion in latitude; 
but owing to that motion, the equality of declinations, which is the main 
thing, occurs at a time somewhat removed from that of equality of dis- 
tance from the equinoxes: the latter is called in the commentary ma- 
dhyapdta, “the mean occurrence of the aspect.” The terms translated 
by us “upon the same and tpon the opposite sides of either solstice” 
are ekdyanagata and viparttdyanagata, literally “situated in the same 
and in contrary ayanas”; ayana being, as already pointed out (end of 
note to iii. 9-12), the name of the halves into which the ecliptic is 
divided by the solstices. 


6. When the longitudes of the sun and moon, being increased 
by the degrees etc. found for the coincidence of the solstice with 
its observed place, are together nearly a circle or nearly a half- 
circle, calculate the corresponding declinations. 

7. Then, if the declination of the moon, she being in an odd 

uadrant, is, when corrected by her latitude (vikshepa), greater 
ion the declination of the sun, the aspect (pdta) is already past; 

8. If less, it is still to come:-in an even quadrant, the cont 
is the case. If the moon’s declination is to be subtracted from 
her latitude, the rules as to the quadrant are to be reversed. 


As in other processes of a similar character (see above, iv. 7-8; vii. 
2-6), we are supposed to have found by trial, for the starting-point of 
the present calculation, the midnight next preceding or following the 
occurrence of the aspect in question, and to have determined for that 
moment the longitudes and rates of motion of both bodies, and the 
moon’s latitude. In finding the longitudes, we are to apply the correc- 
tion for precession; this is the meaning of the expression in verse 6, 
drktulyasddhitangadi, which may be literally translated “ degrees etc. 
calculated for accordance with observed place”; the reference is to the 
similar expression for the precession contained in iii. 11. Next the de- 
clinations are to be found, and that of the moon as corrected for her lat- 
itude. And since, in the odd quadrants—that is to say, the first and 
third, counting from the actual vernal equinox—declination is increasing, 
while in the others it is decreasing, if the declination in an odd quad- 
rant of the moon, the swifter moving body, is already greater than that 
of the sun, the time of equality of declination is evidently already past, 
and the converse. But if, on the other hand, the moon’s declination 
(using that term in its Hindu sense) is so small, and her latitude so 
great, being of opposite directions, that her actual distance from the 
equator is measured by the excess of the latter above the former, and so 
is of direction contrary to that of her declination, then, as declination 
increases, distance from the equator diminishes, or the contrary, and the 
conditions as formerly stated are reversed throughout. 
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9. Multiply the sines of the two declinations by radius, and di- 
vide by the sine of greatest declination: the difference of the 
arcs corresponding to the results, or half that difference, is to be 
added to the moon’s longitude when the aspect (pdia) is to come; 

10. And is to be subtracted from the moon’s longitude when 
the aspect is past. If the same quantity be multiplied by the 
sun’s motion and divided by the moon’s motion, the result is an 
equation, in minutes, which is to be applied to the sun’s place, 
in the same direction as the other to the moon’s. 

11. So also is to be applied, in the contrary direction, a like 
equation to the place of the moon’s node. This operation is to 
be repeated, until the declinations of the two bodies come to be 


the same. 


By this process are ascertained the longitudes of the sun and moon 
at the time when their declinations are equal. Its method may be briefly 
explained as follows. At the midnight assumed as the starting-point of 
the whole calculation there is found to be a certain difference in the 
two declinations ; we desire to determine how far the paths of the two 
luminaries must be traced forward or backward, in order that that differ- 
ence may be removed ; and this must be effected by means of a series 
of approximations. We commence our calculation with the moon, as 
being the body of more rapid motion. By a proportion the inverse of 
that upon which the rule for deriving the declination from the longitude 
(ii. 28) is founded, we ascertain at what longitude the moon would have 
the sun’s actual declination, and at what longitude she would have 
her own actual declination, as corrected by her latitude: the difference 
between the two results is a measure of the amount of motion in longi- 
tude, forward or backward, by which she would gain or lose the differ- 
ence of declination, if the sun remained stationary and her own latitude 
unchanged. Since, however, that is not the case, we are compelled to 
calculate the corresponding motion of the sun, and also the moon’s lati- 
tude in her new position; and in order to the latter, we must correct the 
place of the node also for its retrograde motion during the interval. 
The motions of the sun and node are found by the following proportion: 
as the moon’s daily motion is to that of the sun, or to that of the node, 
so is the correction applied to the moon’s place to that which must be 
applied to the place of the sun, or to that of the node. A new set of 
positions in longitude having thus been found, the declinations are again 
to be calculated, and the same approximative process repeated—and so 
on, until the desired degree of accuracy is attained. 

The text permits us to apply, as the correction for the place of the 
moon, either the whole or the half of the difference of longitude found 
as the result of the first proportion: it is unessential, of course, in a 
process of this tentative character, what amount we assume as that of 
the first correction, provided those which we apply to the places of the 
sun and node be made to correspond with it: and there may be cases 
in which we should be conducted more directly to the final result of the 
process by taking only half of the difference. 
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12. The aspect (pdia) is at the time of equality of declinations ; 
if, then, the moon’s longitude, as thus increased or diminished, 
be less than her longitude at midnight, the aspect is past; if 
greater, it is to come. 

13. The minutes of interval between the moon’s longitude as 
finally established and that at midnight give, when multiplied 


by sixty and divided by the moon’s daily motion, the time of the | 


aspect, in nadis. 
We had thus far found only the longitudes of the sun and moon at 


the time of equality of declination, and not that time itself: the lattet ” 


is now derived from the former by this proportion: as the moon’s daily 
motion is to a day, or sixty nadis, so is the difference between the 
moon’s longitude at midnight and at the time of the aspect to the inter- 
val between the latter time and midnight. 


14. Multiply the half-sum of the dimensions (ména) of the sun 
and moon by sixty, and divide by the difference of their daily 
motions: the result is half the duration (sthit.), in nadis etc. 

15. The corrected (sphuta) time of the aspect (pdta) is the mid- 
die: if that be diminished by the half-duration, the result is the 
time of the commencement; if increased by the same, it is the 
time of the end. 

16. The time intervening between the moments of the begin- 
ning and end is to be looked upon as exceedingly terrible, hav- 
ing the likeness of a consuming fire, forbidden for all works. 


The continuance of the centres of the sun and moon at the point of 
equality of declination is, of course, only momentary; but the aspect 
and its malignant influences are to be regarded as lasting as long as there 
is virtual contact of the two disks at that point, or as long as a central 
eclipse of the sun would last if it took 6 he there. Its half-duration, 
then, or the interval from its middle to its beginning or end respectively, 
is found by a proportion, as follows: if in a day, or sixty nadis, the two 
centres of the sun and moon become separated by a distance which is 
equal to the difference of their daily motions, in how many nadis will 
they become separated by a distance which is equal to the sum of their 
semi-diameters? or 

diff. d. motions : 60 : : sum semi-diam. : half-duration 
And if this amount be subtracted from and added to the time of equal- 
ity of declination, the results will be the moments at which the aspect 
will begin and end respectively. 

Such is the plain and obvious meaning of the text in this passage. 
The commentator, however, in accordance with his interpretation of “the 
next following verse (see below), declares that the aspect actually lasts 
as long as any portion of the moon’s disk has the same declination with 
any portion of that of the sun; and that, accordingly, it commences— 
the moon’s declination being supposed to be increasng—whenever her 
remoter limb comes to have the same declination with the nearer limb 
of the sun, and ends when her nearer limb comes to have the same de- 
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clination with the remoter limb of the sun—the contrary being the case 
when her declination is decreasing. He acknowledges that the text 
does not seem to teach this, but puts in the plea which is usual with him 
when excusing a palpable inaccuracy in the statements or processes of 
the treatise ; namely, that the blessed author of the work, moved by pity 
for mankind, permitted here the substitution of difference of longitude 
for difference of declination, in view of the greater ease of its calcula- 
tion, and the insignificance of the error involved. That error, however, 
is quite the reverse of insignificant; it is, indeed, so very gross and pal- 
pable that we cannot possibly suppose it to have been committed inten- 
tionally by the text; we regard it as the easier assumption that the con- 
ditions of the continuance of the aspect are differently estimated in the 
text and in the commentary, being by the former taken to be as we have 
stated them above, in our explanation of the process. The view of the 
matter taken by the commentator, it is true, is decidedly the more nat- 
ural and plausible one: there seems no good reason why an aspect 
which depends upon equality of declination should be determined as to 
continuance by motion in longitude, or why the aspect should only oc- 
cur at all when the two centres are equally distant from the equator; 
why, in short, there should not be partial aspects, like partial eclipses of 
the sun. If the doctrine of the commentary is a later development, or 
an independent form, of that which the text appears to represent, it is a 
naturally suggested one, and such as might have been expected to arise. 


17. While any parts of the disks of the sun and moon have 
the same declination, so long is there a continuance of this aspect, 
causing the destruction of all works. 

18. So, from a knowledge of the time of its occurrence, very 
great advantage is obtained, by means of bathing, giving, prayer, 
ancestral offerings, vows, oblations, and other like acts. 


We have translated verse 17 in strict accordance with the interpreta- 
tion of it presented in the commentary, although we must acknowledge 
that we do not see how that interpretation is to be reconciled with the 
actual form of the text. The term ekdyanagata, which the commenta- 
tor renders “having equal declination,” is the same with that which in 
the first verse signified “ situated in the same ayana” ; mandala, although 
it is sometimes used with the meaning “disk,” here attributed to it by 
him, is the word employed in that same verse for a “ circle,” or “ 360°” ; 
and antara, which he explains by ekadega, “any part,” never, so far as 
we know, is properly used in that sense, while it is of frequent occur- 
rence elsewhere in this treatise with the meaning “ interval.” The nat- 
ural rendering of the line would seem to be “ when there is between the 
sun and moon the interval of a circle, situated in the same ayana.” 
This, however, yields no useful meaning, since such a description could 
only apply to an actual conjunction of the sun and moon. We do not 
see how the difficulty is to be solved, unless it be allowed us, in view of 
the discordance already pointed out as existing between the plain mean- 
ing of the previous passage and that attributed to it by the commenta- 
tor, to assume that the text has been tampered with in this verse, and 
made to furnish a different sense from that it originally had, partly by a 
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forced interpretation, but partly also by such an alteration of its readings 
as disables it from yielding any other intelligible meaning. 


19. When the equality of declinations of the sun and moon 
takes place in the neighborhood of the equator, the aspect may 
then again occur a second time: in the contrary case, it may fail 
to occur. 


Near the equinox, where declination changes rapidly, the moon, as 
the swifter moving body, may come to have twice, in rapid succession, 
the same declination with the sun, and upon the opposite sides of the 
equator. Near the solstice, on the other hand, where the ecliptic and 
equator are nearly parallel, the moon—if she happens to be nearer the 
equator than the sun is, owing to her latitude—may pass the region in 
which the aspect would otherwise be liable to occur, without having had 
a declination equal in amount to that of the sun. 


20. If the sum of the longitudes of the sun and moon, in min- 
utes, on being divided by the portion (bhoga) of an asterism 
(dha), yields a quotient between sixteen and seventeen, there is 
another, a third, vyatipdta. 


This is simply a special application of the rule formerly given (ii. 65), 
for finding, for any given time, the current period named yoga. The sev- 
enteenth of the series, as is shown by the list there given, has the same 
name, vyatipdta, with one of the aspects treated of in this chapter: 
judging from verse 22, below, it is also regarded as possessing a like por- 
tentous and malignant character. 


21. Of the asterisms (dhishnya) Aclesha (sérpa), Jyeshtha (din- 
dra), and Revati (paushnya), the last quarters are junctions of 
the asterisms (bhasandhi) ; the first quarter in the asterisms:fol- 
lowing these respectively is styled gandédnta. 

22. In all works, one must avoid the terrible trio of vyatipdias, 
as also the trio of gandénias, and this trio of junctions of as- 
terisms. 


The division of the ecliptic into twenty-sevenths, or asterisms, coin- 
cides with its division into twelfths, or signs, at the ends of the ninth, 
eighteenth, and twenty-seventh asterisms, which are also those of the 
fourth, eighth, and twelfth signs respectively. To this innocent circum- 
stance it seems to be owing that those points, and the quarters of por- 
tions, or arcs of 200’, on either side of them, are regarded and stigma- 
tized as unlucky and ominous. Hence the title bhasandhi ; sandhi is 
literally “ putting together, joint,” and bha is, as has been noticed else- 
where (note to iii. 9-12), a name both of the asterisms and of the signs. 
In which of its various senses the word ganda is used in the compound 
ganddénta, we do not know. 


23. Thus hath been related that supreme, pure, excellent, mys- 
terious, and grand system of the heavenly bodies: what else dost 
thou desire to know? 
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In this verse re-appears the personality of the revealer of the treatise, 
the incarnation of a portion of the sun, which has been lost sight of 
since near the beginning of the work (i. 7). The questions addressed 
to him, in answer to this appeal, by Maya, the recipient of the revela- 
tion, introduce the next chapter, which, with the two that follow it, con- 
tains the additional explanations and instructions vouchsafed in reply. 
The last three chapters confessedly constitute a separate portion of the 
work, which is here divided into a péirva khanda and an utiara khanda, 
or a “former Part” and a “latter Part.” It is by no means impossible 
that the whole second Part is an appendix to the text of the Siddhanta 
as originally constituted. 

The title of the next following chapter is bhiigoladhydya, “ chapter of 
the earth-globe”: in the second part of the treatise the chapters are 
styled adhydya, “lection,” instead of, as hitherto, adhikara, “ heading.” 





CHAPTER XII. 
COSMOGONY, GEOGRAPHY, DIMENSIONS OF THE CREATION. 


Conrsnts :—1-9, inquiries ; 10-28, development of the creative agencies, of the ele- 
ments, and of the existing creation; 29-31, form and disposition of the stellar 
and planetary systems ; 32-44, situation, form, structure, and divisions of the 
earth; 45-72, varying phenomena of night and day in different latitudes and 
zones; 73-77, revolutions of the stars and planets ; 78-79, regents of the differ- 
ent divisions of time ; 80-90, dimensions of the planetary, stellar, and ethereal 
orbits. 


1. Then the demon Maya, prostrating himself with hands sup- 
pliantly joined before him who derived his being from the part 
of the Sun, and revering him with exceeding devotion, inquired 
as follows: 

2. O blessed one! of what measure is the earth? of what 
form? how supported? how divided? and how are there in it 
seven interterranean (pdtdla) earths ? 

8. And how does the sun cause the varying distinction of day 
and night? how does he revolve about the earth, enlightening 
all creatures? 

4, For what reason are the day and night of the gods and of 
the demons opposed to one another? or how does that take place 
by means of the sun’s completion of his revolution? 

5. Why does the day of the Fathers consist of a month, but 
that of mortals of sixty nadis? for what reason is not this latter 
everywhere the case ? 

6. Whence is it that the regents of the days, years, months, 
and hours (hord@) are not the same? How does the circle of as- 
terisms (bhagana) revolve? what is the support of it with the 
planets ? 
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7. The orbits of the planets and stars, uplifted from the earth 
one above another—what are their heights? what their inter- 
vals? what their dimensions? and what the order in which they 
are fixed? : 

8. Why are the rays of the sun hot in the summer, and not 
so in the winter? how far do his rays penetrate? How many 
modes of measuring time (mdna) are there? and how are they 
employed? 

9. Resolve these my difficulties, O blessed one, creator of crea- 
tures! for there is not found besides thee another resolver, who 
beholdeth all things. 


The proper answers to these inquiries commence at about the twenty- 
seventh verse of the chapter, the preceding philosophical history of the 
development of the existing creation being apparently volunteered by 
the revelator. All the questions then find their answers in this*chapter, 
excepting that as to the methods of measuring time, which is disposed 
of in the fourteenth and concluding chapter. The subject of the thir- 
teenth chapter also seems not to be contemplated in the laying out, in 
this passage, of the scheme of subjects to be treated of in the remain- 
der of the treatise. 


10. Having heard the words thus uttered with devotion by 
Maya, he then again promulgated this mysterious and supreme 
Book (adhydya) : 

11. Listen with concentrated attention; I will proclaim the 
secret doctrine called the transcendental (adhydtma): there is 
nothing which may not be bestowed on those who are exceed- 
ingly devoted to me. 

12. Vasudeva, the supreme principle of divinity (rahman), 
whose form is all that is (tat), the supreme Person (purusha), un- 
manifested, free from qualities, superior to the twenty-five prin- 
ciples, imperishable, 

13, Contained within matter (prakrti), divine, pervading every- 
thing, without and within, the attractor—he, having in the first 
place created the waters, deposited in them energy. 

14, That became a golden egg, on all sides enveloped in dark- 
ness: in it first became manifested the unrestrained, the everlast- 
ing one. | 

15, He in the scripture (chandas) is denominated the golden- 
wombed (hiranyagarbha), the blessed; as being the first (ddi) ex- 
istence, he is called Aditya; as being generator, the sun. 

16. This sun, likewise named Savitar, the supreme source of 
light (jyot’s) upon the border of darkness—he revolves, bringing 
beings into being, the creator of creatures. 

17. He is extolled as natural illuminator, destroyer of dark- 
ness, great, The Hymns (rcas) are his disk, the Songs (sdémént) 
his beams, the Liturgy (yaj@nshi) his form. 
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18. He, the blessed one, is composed of the trio of sacred 
scriptures, the soul of time, the producer of time, mighty, the 
soul of the universe, all-penetrating, subtle: in him is the uni- 
verse established. 

19. Having made for his chariot, which is composed of the 
universe, a wheel consisting of the year, and having yoked the 
seven metres as his steeds, he revolves continually. 

20. Three quarters are immortal, secret; this one quarter hath 
become manifest. In order to the production of the animated 
creation, he, the mighty one, produced Brahma, the principle of 
consciousness (ahdnkara). 

21. Bestowing upon him the Scriptures (veda) as gifts, and es- 
tablishing him within the egg as grandfather of all worlds, he 
himself then revolves, causing existence. 

22. Then Brahma, wearing the form of the principle of con- 
sciousness (ahankdra), produced mind in the creation: from mind 
was born the moon; from the eyes, the sun, the repository of 
light; 

23. From mind, the ether; thence, in succession, wind, fire, 
waters, earth—these five elements (mahdbhiita) were produced 
by the successive addition of one quality. 

24, Agni and Soma, the sun and moon: then Mars etc. were 
produced, in succession, from light, earth, ether, water, wind. 

25. Again, dividing himself twelve-fold, he, the mighty one, 


produced what is known as the signs; and yet farther, what has 
the form of the asterisms (nakshatra), twenty-seven-fold. 

26. Then he wrought out the whole animate and inanimate 
creation, from the gods downward, pam forms of matter 


(prakrti) from the upper, middle, and lower currents (srotas). 
27. Having produced them in succession, as stated, by a dif- 
ference of quality and function, he fashioned the distinctive char- 
- acter of each, according to the showing of the Scripture (veda)— 
28. That is, of the planets, asterisms, and stars, of the earth, 
and of the universe, he the mighty one; of gods, demons, and 
mortals, and of the Perfected (s:ddha), in their order. 


We do not regard ourselves as called upon to enter into any detailed 
examination of this metaphysical scheme of development of the crea- 
tion, or to compare it critically with the similar schemes presented in 
other Hindu works, as Manu (chap. i), the Puranas (see Wilson’s Vishnu 
Purana, Book I), etc. We will merely explain a few of its expressions, 
and of the allusions it contains. Vasudeva is an ordinary epithet of 
Vishnn, and its use in the signification here given it seems indicative of 
Vaishnava tendencies on the part of the author of the scheme. The 
twenty-five principles referred to in verse 12 are those established by 
the Sankhya philosophy. The reference in verse 15, first half, is to Rig- 
Veda x. 121. In the second half of the same verse we have a couple of 
false etymologies: dditya comes, not from ddi, “first,” but from aditi, 
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“eternity”; and to derive sirya, “sun,” ftom the root si, “ generate” 
(from which savitar actually comes), is beyond the usual measure of 
Hindu theologico-philosophical etymologizing. The Hymns, Songs, and 
Liturgy are the three bodies of scripture commonly known as the Rig- 
Veda, Sama-Veda, and Yajur-Veda. The “seven metres” (v. 19) are 
those which are most often employed in the construction of the Vedic 
hymns: in parts of the Veda itself they are personified, and marvellous 
qualities and powers are ascribed to them. The obscure statement con- 
tained in the first half of verse 20 comes from verses 3 and 4 of the 
purusha-hymn (Rig-Veda x. 90: the hymn is also found in others of 
the Vedic texts). The second half of verse 22 also nearly coincides 
with a passage (v. 13) in the same hymn. Of the five elements assumed 
by the Hindu philosophers, the first, ether, is said to be endowed only 
with the quality of audibleness; the second, air, has that of tangibility 
also; the third, fire, has both, along with color; to these qualities the 
fourth element, water, adds that of savor; the last, earth, possesses audi- 
bility, tangibility, color, savor, and odor: this is according to the doc- 
trines of the Sankhya philosophy. In verses 24 and 25 we have speci- 
fications introduced out of consideration for the general character and 
object of this treatise: as also, in the part assigned to the sun in the 
history of development, we may perhaps recognize homage paid to its 
asserted author. For the beings called in verse 28 the “ perfected” (sid- 
dha), see below, verses 31 and 40. 


29. This Brahma-egg is hollow; within it is the universe, con- 
sisting of earth, sky, etc.; it has the form of a sphere, like a 
receptacle made of a pair of caldrons. 

30. A circle within the Brahma-egg is styled the orbit of the 
ether (vyoman): within that is the revolution of the asterisms 
(bha); and likewise, in order, one below the other, 

31. Revolve Saturn, Jupiter, Mars, the sun, Venus, Mercury, 
and the moon; below, in succession, the Perfected (siddha), the 
Possessors of Knowledge (vidyddhara), and the clouds. 


The order of proximity to the earth in which the seven planets are 
here arranged is, as noticed above (i. 51-52), that upon which depends 
the succession of their regency over the days of the week, and so also 
the names of the latter. So far as the first three and the last are con- 
cerned, it is a naturally suggested arrangement, which could hardly fail 
to be hit upon by any nation having sufficient skill to form an order of 
succession at all: the order in which the sun, Mercury, and Venus are 
made to follow one another is, on the other hand, a matter of more ar- 
bitrary determination, and might have been with Bs ps propriety, for 
aught we can see, reversed or otherwise varied. the supernatural 
beings called the “ possessors of knowledge” (vidyddhara) we read only 
in this verse: the “perfected” we find again below, in verse 40, as inhab- 
itants of a city on the earth’s surface. ) 


82. Quite in the middle of the egg, the earth-globe (bhéigola) 
stands in the ether, bearing the supreme might of Brahma, which 
is of the nature of self-supporting force. 

VOL. VI. 50 
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83. Seven cavities within it, the abodes of serpents (ndga) and 
demons (asura), endowed with the savor of heavenly plants, de- 
lightful, are the interterranean ( pdtdla) earths. 

84. A collection of manifold jewels, a mountain of gold, is 
Meru, passing through the middle of the earth-globe, and pro- 
truding on either side. 

35. At its upper end are stationed, along with Indra, the gods, 
and the Great Sages (maharshi); at its lower end, in like man- 
ons the demons (asura) have their place—each the enemy of the 
other. 

36. Surrounding it on every side is fixed next this great ocean, 
like a girdle about the earth, dividing the two hemispheres of 
the gods and of the demons. 

87. And on all sides of the midst of Meru, in equal divisions 
of the ocean, upon islands (dvtpa), in the different directions, are 
the eastern and other cities, fashioned by the gods. 

38. At a quadrant of the earth’s circumference eastward, in 
the clime (varsha) Bhadrigva, is the city famed as Yamakoti, 
having walls and gateways of gold. 

39. To the southward, in the clime Bhfrata, is in like manner 
the great city Lanka: to the west, in the clime called Ketumala, 
is declared to be the city named Romaka. 

40. Northward, in the clime Kuru, is declared to be the city 
called that of the Perfected (siddha); in it dwell the magnani- 
mous Perfected, free from trouble. 

41. These are situated also at a distance from one another of 
a quadrant of the earth’s circumference; to the north of them, 
at the same distance, is Meru, the abode of the gods (swra). 

42. Above them goes the sun when situated at the equinoxes; 
they have neither equinoctial shadow nor elevation of the pole 
(akshonnatt). 

48. In both directions from Meru are two pole-stars (dhruva- 
tara), fixed in the midst of the sky: to those who are situated in 
places of no latitude (niraksha), both these have their place in 
the horizon. 

44. Hence there is in those cities no elevation of the pole, the 
two pole-stars being situated in their horizon; but their degrees 
of co-latitude (Jambaka) are ninety: at Meru the degrees of lati- 
tude (aksha) are of the same number. 


In these verses we have so much of geography as the author of the 
chapter has seen fit to connect with his astronomical explanations. For 
a Hindu account of the earth, it is wonderfully moderate, and free from 
falsehood. The absurd fictions which the Puranas put forth as geogra- 
phy are here for the most part ignored, only two or three of the features 
of their descriptions being retained, and those in an altered form. To 
the Puranas (see especially Wilson’s Vishnu Purana, Book IL, chap. 
ii-vi), the earth is a plain, of immense dimensions. Precisely in the 
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middle of it rises Mount Meru, itself of a size compared with which the 
earth, as measured by the astronomers, is as nothing: it is said to be 
84,000 yojanas high, and buried at the base 16,000 yojanas; it has the 
shape of an inverted cone, being 32,000 yojanas in diameter at its up- 
per extremity, and only 16,000 at the earth’s surface. Out of this moun- 
tain the astronomical system makes the axis of the earth, protruding at 
either extremity, indeed, but of dimensions wholly undefined. As the 
Puranas declare the summit of Meru, and the mountains immediately 
supporting it, to be the site of the cities inhabited by the different divin- 
ities, so also we have here the gods placed upon the northern extremity 
of the earth’s axis, while their foes, the spirits of darkness, have their 
seat at the southern. The central circular continent, more than 100,000 
yojanas in diameter, in the midst of which Meru lies, is named Jambt- 
dvipa, “the island of the rose-apple tree”: it is intersected by six paral- 
lel ranges of mountains, running east and west, and connected together 
by short cross-ranges: the countries lying between these ranges are 
styled varshas, “climes,” and are all fully named and described in the 
Puranas, as are the mountain-ranges themselves. The half-moon-shaped 
strips lying at the bases of the mountains on the eastern, southern, west- 
ern, and northern edges of the continent, are called by the same names 
that are given by our text to the four insular climes which it sets up. 
Bharata is a real historical name, appearing variously in the early Hindu 
traditions; Kuru, or Uttara-Kuru, is a title applied in Hindu geography 
of a less fictitious character to the country or people situated beyond the 
range of the Himalaya ; the other two names appear to be altogether 
imaginary. The Puranas say nothing of cities in these four climes. 
Lank&, as noticed above (i. 62), is properly an appellation of the island 
Ceylon; and Romaka undoubtedly comes from the name of the great 
city which was the mistress.of the western world at the period of lively 
commercial intercourse between India and the Mediterranean: the other 
two cities are pure figments of the imagination. Our treatise, it will be 
observed, ignores the system of continents, or dvtpas, and simply sur- 
rounds the earth with an ocean in the midst, like a girdle: the Puranas 
encompass Jambiidvipa about with six other dvtpas, or insular ring- 
shaped continents, each twice as vast, as that which it encloses, and each 
separated from the next by an ocean of the same extent with itself. Of 
these seven oceans, the first, which washes the shores of Jambiadvipa, is 
naturally enough acknowledged to be composed of salt water: but the 
second is of syrup, the third of wine, the fourth-of clarified butter, the 
fifth of whey, the sixth of milk, and the last of sweet water. Outside 
the latter is an uninhabited land of gold, and on its border, as the out- 
most verge of creation, is the monstrous wall of the Lokaloka mountains, 
beyond which is only nothingness and darkness. 

The author of the Siddhanta-Ciromani, more submissive than the 
writer of our chapter to the authority of tradition, accepts (GolAdhy., 
chap. ii) the series of concentric continents and oceans, but gives them 
all a place in the unknown southern hemisphere, while he regards Jam- 
bidvipa as occupying the whole of the northern. 

The pétdlas, or interterranean cavities, spoken of in verse 33, are also 
an important feature of the Puranic geography. If our author has not 
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had the good sense to reject them, along with the insular continents, he 
at least passes them by with the briefest possible notice. In the Puranas 
they are declared to be each of them 10,000 yojanas in depth, and 
their divisions, inhabitants, and productions are described with the same 
ridiculous detail as those of the continents on the earth’s surface. 

It will be observed that the text, although exhibiting in verse 41 a 
distinct apprehension of the fact that the pole is situated to the north- 
ward of ail points of the equator alike, yet, in describing the position 
of the four great cities, speaks as if there were a north direction from 
Meru, in the continuation of the line drawn to the latter from Lanka, 
and an east and west direction at right angles with this. 

For the terrestrial equator, considered as a line or circle upon the 
earth’s surface, there is no distinctive name; it is referred to simply as 
the place “of no latitude” (niraksha, vyaksha). 


45. In the half-revolution beginning with Aries, the sun, be- 
ing in the hemisphere of the gods, is visible to the gods: but 
while in that beginning with Libra, he is visible to the demons, 
moving in their hemisphere. 

46. Hence, owing to his exceeding nearness, the rays of the 
sun are hot in the hemisphere of the gods in summer, but in 
— a4 the demons in winter: in the contrary season, they are 
sluggish. 

aT At the equinox, both gods and demons see the sun in the 
horizon; their day and night are mutually opposed to each other. 

48. The sun, rising at the first of Aries, while moving on 
northward for three signs, completes the former half-day of the 
dwellers upon Meru; 

49. In hke manner, while moving through the three signs be- 
ginning with Cancer, he completes the latter half of their day: 

e accomplishes the same for the enemies of the gods while 
moving through the three signs beginning with Libra and the 
three beginning with Capricorn, respectively. 

50. Hence are their night and day mutually opposed to one 
another; and the measure of the day and night is by the com- 
pletion of the sun’s revolution. 

51. Their mid-day and midnight, which are opposed to one 
another, are at the end of each half-revolution from solstice to 
solstice (ayana). The gods and demons each suppose themselves 


to be _ 

52. Others, too, who are situated upon the same diameter 
(samasitrastha), think one another underneath—as the dwellers 
in Bhadracva and in Ketumfla, and the inhabitants of Lanka 
and of the city of the Perfected, respectively, 

58. And everywhere upon the globe of the earth, men think 
their own place to be uppermost: but since it is a globe in the 
eas where should there be an upper, or where an under side 
of it 
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54. Owing to the littleness of their own bodies, men, looking 
in every direction from the position they occupy, behold this 
earth, although it is globular, as having the form of a wheel. 

55. To the gods, this sphere of asterisms revolves toward the 
right; to the enemies of the gods, toward the left; in a situa- 
tion of no latitude, directly overhead—always in a westerly di- 
rection. 

55. Hence, in the latter situation, the day is of thirty nadis, 
and the night likewise: in the two hemispheres of the gods and 
demons there take place a deficiency and an excess, always op- 
posed to one another. 

57. During the half-revolution beginning with Aries, there is 
always an excess of the day to the north, in the hemisphere of 
the gods—greater according to distance north—and a correspond- 
ing deficiency of the night; in the hemisphere of the demons, 
the reverse. 

58. In the half-revolution beginning with Libra, both the de- 
ficiency and excess of day and night in the two hemispheres are 
the opposite of this: the method of determining them, which is 
always dependent upon situation (deca) and declination, has been 
before explained. 

59. Multiply the earth’s circumference by the sun’s declination 
in degrees, and divide by the number of degrees in a circle: the 
result, in yojanas, is the distance from the place of no latitude 
where the sun is passing overhead. 

60. Subtract from a quarter of the earth’s circumference the 
number of yojanas thus derived from the greatest declination : 
at the distance of the remaining number of yojanas 

61. There occurs once, at the end of the sun’s half-revolution 
from solstice to solstice, a day of sixty nadis, and a night of the 
same length, mutually opposed to one another, in the two hemi- 
spheres of the gods and of the demons. 

62. In the intermediate region, the deficiency and excess of 
day and night are within the limit of sixty nadis; beyond, this 
sphere of asterisms (dha) revolves perversely. 

63. Subtract from a quarter of the earth’s circumference the 
number of yojanas derived from the declination found by the 
sine of two signs: at that distance from the equator the sun is 
not seen, in the hemisphere of the gods, when in Sagittarius and 
Capricorn ; 

64. So also, in the hemisphere of the demons, when in Gemi- 
ni and Cancer: in the quarter of the earth’s circumference where 
her shadow is lost, the sun may be shown to be visible. 

65. Subtract from the fourth part of the earth’s periphery 
(kakshd@) the number of yojanas derived from the declination 
found by the sine of one sign: at the distance from the place of 
no latitude of the remaining number of yojanas, 
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66. The sun, when situated in Sagittarius, Capricorn, Scorpio, 
and Aquarius, is not seen in the hemisphere of the gods; in 
that of the demons, on the other hand, when in the four signs 
commencing with Taurus. 

67. At Meru, the gods behold the sun, after but a single rising, 
during the half of his revolution beginning with Aries; the de- 
mons, in like manner, during that beginning with Libra. 

68. The sun, during his northern and southern progresses 
(ayana) revolves directly over a fifteenth part of the earth’s cir- 
cumference, on the side both of the gods and of the demons. 

69. Between those limits, the shadow is cast both southward 
and northward; beyond them, it falls toward the Meru of either 
hemisphere respectively. 

70. When passing overhead at Bhadragva, the sun is rising in 
Bharata; it is, moreover, at that time, midnight in Ketumala, 
and sunset in Kuru. 

71. In like manner also he produces, by his revolution, in 
Bhfrata and the other climes, noon, sunrise, midnight, and sun- 
set, reckoning from east to west. 

72. To one going toward Meru, there take place an elevation 
of the pole (dhruva) and a depression of the circle of asterisms ; 
to one going toward the place of no latitude, on the contrary, a 
. depression of the former and an elevation of the latter. 


This detailed exposition of the varying relations of day and night in 
different parts of the globe is quite creditable to the ingenuity, and the 
distinctness of apprehension, of those by whom it was drawn out. It 
is for the most part so clearly expressed as to need no additional expla- 
nations : we shall append to it only a few brief remarks. 

How far, in verse 46, a true statement is given of the cause of the 
heat of summer and the cold of winter, may be made a matter of some 
question: the word which we have translated “ nearness” (dsannaté) has 
no right to mean “ directness, perpendicularity,” and yet, when taken in 
connection with the preceding verse, it may perhaps admit that signifi- 
cation. The second chapter shows that the Hindus knew very well 
that the sun is actually nearer to the whole earth in winter, or when 
near his perigee, than in summer, 

The expression ayandnta, “at the end of an ayana,” employed in 
verses 51 and 61, and which we have rendered by a paraphrase, might 
perhaps have been as well translated, briefly and simply, “at either 
solstice.” Probably ayana, as used in the sense of “solstice” (see above, 
end of note to iii. 9-12), is an abbreviated form of ayandnia, like jy4 for 
jyardha (ii. 15-27), and aksha for akshonnati (i. 60). 

In verse 55, we have translated by “toward the right” and “toward 
the left” the adverbs savyam and apasavyam, which mean literally “left- 
wise” and “ right-wise” ; that is to say, in such a manner that the left 
side or the right side respectively of the thing making the revolution is 
turned toward that about which the revolution is made, this being the 
Hindu mode of describing the passing of one person about another per- 
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son or thing, especially in respectful salutation and in religious cere- 
monial. 

The natural measure of the day and of the night is assumed in verse 
56 etc. to be the half of a whole day, or thirty nadis, and any deviation 
from that norm is regarded as an excess (dhana, vrddhi) or a deficiency 
(rna, hani, kshaya). The former processes referred to at the end of 
verse 58 are those taught in ii. 60-62. 

We have already above (note to i. 63-65) called attention to the fact 
that all the Hindu measurements of longitude and latitude upon the 
earth’s surface are made in yojanas, and not in degrees. 

The expression “ perversely” (vipartta) in verse 62 is explained by 
the commentator to mean “in such manner that the rules as already 
given cannot be applied”; since the sine of the ascensional difference 
(cara—see ii. 61) as found by them would be greater than radius. 

The latter half of verse 64 is obscure: its meaning seems to be, as 
explained by the commentator, that over a corresponding portion of the 
earth’s surface in the contrary hemisphere the sun is continuously visible 
during the same period, the shadow of the earth, which is the cause of 
night, not covering that portion. 


73. The circle of asterisms, bound at the two poles, impelled 
by the provector (pravaha) winds, revolves eternally: attached 
to that are the orbits of the planets, in their order. 

74. The gods and demons behold the sun, after it is once risen, 
for half a year; the Fathers (pitaras), who have their station in 
the moon, for a half-month (paksha); and men upon the earth, 
during their own day. 

75. The orbit (kaksh@) of one that is situated higher up is 
large; that of one situated lower down is small. Upon a great 
orbit the degrees are great; so also, upon asmall one, they are 
small. 

76. A planet situated upon a small circuit (bhramana) traverses 
the circle of constellations (bhagana) in a little time; one revolv- 
ing on a large circle (mandala), in a long time. 

77. The moon, upon a very small orbit, makes many revolu- 
tions: Saturn, moving upon a great orbit, makes, as compared 
with her, a much less number of revolutions. 


The connection and orderly succession of subjects is by no means 
strictly maintained in this part of the chapter. The seventy-fourth verse 
is palpably out of place, and is, moreover, in great part oy areca for 
the statement contained in its first half has already twice been made, in 
verses 45 and 67, and in the latter passage in nearly the same terms as 
here: its last specification, too, is of a matter too obvious to call for 
notice. Nevertheless, the verse cannot well be spared from the chapter, 
since it contains the only answer which is vouchsafed to the question of 
verse 5, above, respecting the day and night of the Fathers. Inthe 
assignment of the different divisions of time, as single days, to different 
orders of beings, the month has been given to the piteras, “ Fathers,” or 
manes of the departed, and they are accordingly located in the moon, 
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each portion of whose surface enjoys a recurrence of day and night 
once in each lunar month. The next following verses, 75 to 77, are a 
rather unnecessary amplification of the idea already expressed in i. 26- 
27; but they answer well enough here as special introduction to the de- 
tailed exhibition of the measurements of the planetary orbits which is 
to follow. Before that is brought in, however, we have the connection 
again broken, by the intrusion of the two following verses, respecting 
the regents of years, months, days, and hours. 


78. Counting downward from Saturn, the fourth successively 
is regent of the day; and the third, in like manner, is declared 
to be the regent of the year; 

79. Reckoning upward from the moon are found, in succession, 
the regents of the months; the regents of the hours (hor@), also, 
occur in downward order from Saturn. 


This passage appears to be introduced here as answer to the inquiry 
propounded in verse 6, above. Instead, however, of explaining why the 
different divisions of time are placed under the superintendence and pro- 
tection of different planets, the text contents itself with reiterating, in a 
different form, what had already been said before (i. 51-52) respecting 
the order of succession of the regents of the successive periods; but 
adding also the important and significant specification respecting the 
hours, or twenty-fourths of the day. We have sufficiently illustrated 
the subject, in connection with the other passage; we will only repeat 
here that, the planets being regarded as standing in the order in which 
they are mentioned in verse 31, above, their successive regency over the 
hours is the one fundamental fact upon which all the rest depend, each 
planet being constituted lord also of the day whose first hour is placed 
under his charge, and so likewise of the month and of the year over 
whose first hour and day he is regent—neither the month nor the year, 
any more than the hour itself, being divisions of time which are known 
to the Hindus in any other uses, and the name of the hour, horé, which 
is the Greek ge, betraying the source whence the whole system was 
introduced into India. 


80. The orbit (kakshé) of the asterisms (bha) is the circuit 
(bhramana) of the sun multiplied by sixty: by so many yojanas 
does the circle of the asterisms revolve above all. 

81. If the stated number of revolutions of the moon in an 
Gon (kalpa) be multiplied by the moon’s orbit, the result is to 
be known as the orbit of the ether: so far do the rays of the sun 

netrate. 

82. If this be divided by the number of revolutions of any 
planet in an Aton (kalpa), the result will be the orbit of that 
planet: divide this by the number of terrestrial days, and the 
result is the daily eastward motion of them all. 

83. Multiply this number of yojanas of daily motion by the 
orbit of the moon, and divide by a planet’s own orbit; the re- 
sult is, when divided by fifteen, its daily motion in minutes. 
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84. Any orbit, multiplied by the earth’s diameter and divided 
by the earth’s circumference, gives the diameter of that orbit; 
and this, being diminished by the earth’s diameter and halved, 
gives the distance of the planet. 

85. The orbit of the moon is three hundred and twenty-four 
thousand yojanas : that of Mercury’s conjunction (¢ighra) is one 
million and forty-three thousand, two hundred and nine: 

86. That of Venus’s conjunction (cighra) is twe million, six 
hundred and sixty-four thousand, six hundred and thirty-seven : 
next, that of the sun, Mercury, and Venus is four million, three 
hundred and thirty-one thousand, five hundred: 

87. That of Mars, too, is eight miilion, one hundred and forty- 
six thousand, nine hundred and nine; that of the moon’s apsis 
(ucca) is thirty-eight million, three hundred and twenty-eight 
thousand, four hundred and eighty-four : 

88. That of Jupiter, fifty-one million, three hundred and sev- 
enty-five thousand, seven hundred and sixty-four: of the moon’s 
node, eighty million, five hundred and seventy-two thousand, 
eight hundred-and sixty-four : 

89. Next, of Saturn, one hundred and twenty-seven million, 
six hundred and sixty-eight thousand, two hundred and fifty-five : 
of the asterisms, two hundred and fifty-nine million, eight hun- 
dred and ninety thousand, and twelve: 

90. The entire circumference of the sphere of the Brahma-egg 
is eighteen quadrillion, seven hundred and twelve trillion, eight 
billion, eight hundred and sixty-four million: within this is the 
pervasion of the sun’s rays. 


We present below the numerical data given in these verses, in a form 
easier of reference and of comparison with the like data of other 
treatises : 


Planet etc. Orbit, in yojanas. 

Moon, 324,000 

“ — apsis, 38,328,484 

“ node, 80,572,864 
Mercury (conjunction), 1,043,209 
Venus (conjunction), 2,664,637 
Sun, 4,331,500 
Mars, 8,146,909 
Jupiter, 51,375,764 
Saturn, 127,668,255 
Asterisms, 259,890,012 
Universe, 18,71 2,080,864,000,000 


We have already more than once (see above, notes to i. 25-27, and 
iv. 1) had occasion to notice,upon what principles the orbits of the plan- 
ets, as here stated, were constructed by the Hindus. That of the moon 
(see note to iv. 1) was obtained by a true process of calculation, from 
genuine data, and is a tolerable approximation to the truth: all the 
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others are manufactured out of this, upon the arbitrary and false assump- 
tion that the mean motion of all the planets, each upon its own orbit, is 
of equal absolute amount, and hence, that its apparent value in each 
case, as seen by us, is inversely as the planet’s distance, or that the di- 
mensions of the orbit are directly as the time employed in traversing 
it, or as the period of sidereal revolution. These dimensions, then, may 
be found by various methods: upon dividing the circumference of the 
moon’s orbit by her time of sidereal revolution, we obtain as the 
amount of her daily motion in yojanas 11,858.717 nearly (more exactly 
11,858.71693+-); and multiplying this by the time of sidereal revolu- 
tion of any planet, we obtain that planet’s orbit. This is equivalent to 
making the proportion 
moon’s sid. rey.: planet’s sid. rev. : : moon’s orbit: planet’s orbit 


And since the times of sidereal revolution of the planets are inversely 
as the number of revolutions made by them in any given period, this 
proportion, again, is equivalent to 

planet’s no. of rev. in an Zon : moon’s do, :: moon’s orbit : planet’s orbit 


This is the form of the proportion from which is derived the rule as 
stated in the text, only the latter designates the product of the multi- 
plication of the moon’s orbit by her number of revolutions as the orbit 
of the ether (4kéga), or the circumference of the Brahma-egg, within 
which the whole creation, as above taught, is enclosed. This is the same 
thing with attributing to the outermost shell of the universe one com- 
plete revolution in an Aon (kalpa), of 4,320,000,000 years. 

There is one feature of the system exposed in this passage which to 
us is hitherto quite inexplicable: it is the assignment to the asterisms 
of an orbit sixty times as great as that of the sun. This, according to 
all the analogies of the system, should imply a revolution of the aster- 
isms eastward about the earth once in each period of sixty sidereal years. 
The same orbit is found allotted to them in the Siddhanta-Ciromani 
(Ganitadhy., iv. 5), and it is to be looked upon, accordingly, as an es- 
sential part of the general Hindu astronomical system. We do not see 
how it is to be brought into connection with the other doctrines of the 
system, or what can be its origin and import—unless, indeed, it be 
merely an application to the asterisms, in an entirely arbitrary way, of 
the general law that everything must be made to revolve about the 
earth as a centre. We have noticed above (note to iii. 9-12) its incon- 
sistency with the doctrine of the precession adopted in this treatise. 

The dimensions of the several orbits stated in the text are for the most 
part correct, being such as are derived by the processes above explained 
from the numbers of sidereal revolutions given in a former passage (i. 29 
-34). There is, however, one exception: the orbit of Mercury, as so 
derived, is 1,043,207.8, and the number adopted by the text—which re- 
jects fractions throughout, taking the nearest whole number—should be, 
accordingly, — 208, and not —209. If we took as divisor the number ef 
Mercury’s revolutions in an Aton as corre¢ted by the bija (see note to 
i. 29-34), we should actually obtain for his orbit the value given it by 
the text; the exact quotient being 1,043,208.73. But as none of the 
other orbits given are such as would be found by admitting the several 
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corrections of the dija, it seems preferable to assume that the text has at 
this point become corrupt, or else that the author of the chapter made 
a blunder in one of his calculations.* 

The value of a minute of arc upon the moon’s orbit being fifteen yo- 
janas (see note to iv. 2—3), the value, in minutes, of any planet’s mean 
daily motion may be readily found from its orbit by the proportion of 
which the rule given in verse 83 is a statement, as follows: as the dis- 
tance, or the orbit, of the planet in question is to that of the moon, so 
is the moon’s mean motion in minutes, or 11,858.717 — 15, to that of 
the planet. 

In verse 84 we are taught to calculate the distance of any planet from 
the earth’s surface : in order to this, we are first to find the diameter of 
the planet’s orbit, adopting, as the ratio of the diameter to the circum- 
ference, that of the diameter to the circumference of the earth—the for- 
mer, of course, as calculated (i. 59) by the false ratio of 1:./10. After 
being guilty of so gross an inaccuracy, it is quite superfluous, and a mere 
affectation of exactness, to take into account so trivial a quantity as the 
radius of the earth, in estimating the planet’s distance from the earth. 

In the doctrine of the orbits of the planets, as here laid down, we 
have once more a total negation of the reality of their epicyclical mo- 
tions, and of their consequently varying distances from the earth in dif- 
ferent parts of their revolutions. 





CHAPTER XIIl. 
OF THE ARMILLARY SPHERE, AND OTHER INSTRUMENTS. 


Contents :—1-138, construction and equipment of the armillary sphere; 13-15, po- 
sition of certain points and sines upon it; 15-16, its adjustment and revolution; 
17-25, other instruments, especially for the determination of time. 


1. Then, having bathed in a secret and pure place, being pure, 
adorned, having worshipped with devotion the sun, the planets, 
the asterisms (bia), and the elves (guhyaka), 

2. Let the teacher, in order to the instruction of the pupil— 
himself beholding everything clearly, in accordance with the 
knowledge handed down by successive communication, and 
learned from the mouth of the master (guru)— 

3. Prepare the wonder-working fabric of the terrestrial and 
stellar sphere (bhibhagola).... 





* The last six verses of the chapter, which contain the numerical data, may very 
gy! be « later addition to its original content: the Ayin-Akbari (as translated 
y Gladwin), in its account of the astronomy of the Hindus, which it professedly 
bases upon the Sirya-Siddhanta, gives these orbits (8vo. edition, London, 1800, 
ii, U6), but with the fractional parts of yojanas, as if independently derived from 
the data and by the rules of the text: the orbit of Mercury it states correctly, as 
1,043,207% yojanas. 
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We have already remarked above (note to xii. 1-9) that the subject 
of this chapter is one respecting which no inquiries were addressed at 
the beginning of the preceding chapter by the recipient to the commu- 
nicator of the revelation, and that the chapter accordingly wears in some 
measure the aspect of an interpolation.. It comes in here as furnishing 
a means of illustrating to the pupil the mutual relations of the earth 
and the heavens as explained in the last chapter—and yet not precisely 
as there explained ; for it gives a representation only of the earth and 
of the one starry concave upon which the apparent movements of all 
the heavenly bodies are to be traced, and not of the concentric spheres 
and orbits out of which the universe has been declared to be constructed. 
The chapter has a peculiar title, unlike that of any other in the treatise : 
it is styled jyotishopanishadadhydya, “lection of the astronomical Upa- 
nishad.” Upanishad is the name ordinarily given to such brief treatises, 
of the later Vedic period, or of times yet more modern, as are regarded 
as inspired sources of philosophical and theological knowledge, and are 
looked upon with peculiar reverence : its application to this chapter is 
equivalent to an assumption for it of especial sanctity and authority. It 
may possibly also indicate that the chapter is originally an independent 
treatise, incorporated into the text of the Sirya-Siddhanta. 

The word dha, in verse 1, may mean either the asterisms proper 
(nakshatra), or the signs (régi), and is explained by the commentator as 
intended to include both. The guhyakas, “secret ones,” are a class of 
demigods who attend upon Kuvera, the god of wealth, and are the 
keepers of his treasures: why they are mentioned here, as objects of 
especial reverence to the astronomical teacher, is not obvious. The com- 
mentator explains the word by “ Yakshas etc., lesser divinities.” In our 
translation of verse 3 we have followed the reading of the published 
text, which Colebrooke also appears to have had before him; our own 
manuscripts read, instead of bhibhagola, bhimigola and bhimer gola, 
“ sphere of the earth” simply. 

Colebrooke, in his essay On the Indian and Arabian Divisions of the 
Zodiac (As. Res., ix. 323 etc.; Essays, ii. 321 etc.) to which we have 
already so often had occasion to refer, gives a translation of part of this 
chapter, from the beginning of the third to the middle of the thirteenth 
verse, as also a brief sketch of the armillary sphere of which the con- 
struction is taught in the Siddhanta-Ciromani. He farther furnishes a 
description, and a comparison with these, of the somewhat similar in- 
struments employed by the Greeks, the Arabs, and the early European 
astronomers. It has not seemed to us worth while to extract these de- 
scriptions and comparisons, or to draw up others from independent and 
original sources : the object of the Hindu instrument js altogether differ- 
ent from that of the others, since it is intended merely as an illustration 
of the positions and motions of the heavenly bodies, while those are 
meant to subserve the purposes of astronomical observation; and its 
relation to them is determined by this circumstance; while it, of course, 
possesses some of the circles which enter into the construction of the 
others, it is, upon the whole, a very different and much more complicated 
and cumbersome structure. There is nothing in the way of supposing 
that the first hint of its construction may have been borrowed from the 
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instruments of western nations: but, on the other hand, it may possi- 
bly admit also of being regarded as an independent Hindu device. 


8.... Having fashioned an earth-globe of wood, of the de-* 
sired size, 

4, Fix a staff, passing through the midst of it and protruding 
at either side, for Meru; and likewise a couple of sustaining 
hoops (kakshd@), and the equinoctial hoop ; 

5. These are to be made with graduated divisions (angula) of + 
degrees of the circle (bhagana)... . 


The fixing of a solid globe of wood, representing the earth, in the 
midst of this instrument, is of itself enough to render impracticable its 
application to purposes of astronomical observation. For Meru, the 
axis and poles of the earth, see verse 34 of the preceding chapter. We 
are not informed of what relative size the globe and the encompassing 
hoops are to be made; probably their relation is to be such that the 
globe will be a small one, contained within an ample sphere. The two 
“supporting hoops,” to which are to be attached all the numerous par- 
allels of declination hereafter described, are, of course, to be fastened to 
the axis at right angles to one another, and to represent the equinoctial 
and solstitial colures. The commentary directly prescribes this, and the 
text also assumes it in a later passage (v. 10). 

Colebrooke, following the guidance of the commentators, treats the 
former half of verse 5 as belonging to the following passage, instead of 
the preceding. It can, however, admit of no reasonable question that 
the connection as established in our translation is the true one: it is de- 
manded by the natural construction of the verses, and also yields a de- 
cidedly preferable sense. 


5.... Farther—by means of the several day-radii, as adapted 
to the scale established for those other circles, 

6. And by mears of the degrees of declination and latitude 
(vikshepa) marked off upon the latter—at their own respective 
distances in declination, according to the declination of Aries 
etc., three 

7. Hoops are to be prepared and fastened: these answer also 
inversely for Cancer etc. In the same manner, three for Libra 
etc., answering also inversely for Capricorn etc., 

8. And situated in the southern hemisphere, are to be made 
and fastened to the two hoop-supporters. . . . ; 


The grammatical construction of this passage is excessively cumbrous 
and intricate, and we can hardly hope that the version which we have 
given of it will be clearly understood without farther explanations. Its 
meaning, however, is free from ambiguity. We have thus far only three 
of the circles out of which our instrument is to be constructed, namely 
those intended to represent the two colures and the equator: we are 
next to add hoops for the diurnal circles described by the sun when at 
the points of connection between the different signs of the zodiac. Of 
these there will be, of course, three north of the equator, one for the 
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sun at the end of Aries and atthe beginning of Virgo, one for the sun 
at the end of Taurus and at the beginning of Leo, and one for the sun 

-at the end of Gemini and the beginning of Cancer, or at the solstice: 
also, in the southern hemisphere, three others corresponding to these. 
The dimensions of which they must be made are to be determined by 
their several radii (which are called day-radii—see above, ii. 60), as 
ascertained by calculation and reduced to the same scale upon which the 
colures and equator were constructed. They are then to be attached to 

* the two general supporting hoops, or colures, each at its proper distance 
from the equator; this distance is ascertained by calculating the decli- 
nation of the sun when at the points in question, and is determined 
upon the instrument by the graduation of the two supporting hoops. 
This graduation is in the text called that for declination (Arénti) and 
latitude (vikshepa): it will be remembered that, according to Hindu 
usage, the latter means distance from the ecliptic as measured upon a 
circle of declination. 


8. . . . Those likewise of the asterisms (dha) situated in the 
southern and northern hemispheres, of Abhijit, 

9. Of the Seven Sages (saptarshayas), of Agastya, of Brahma 
etc., are to be fixed... . 


If the orders given in these verses are to be strictly followed, our instru- 
ment must now be burdened with forty-two additional circles of diurnal 
revolution, namely those of the twenty-seven junction-stars (yogatdrd) 
of the asterisms and of that of Abhijit—which is here especially men- 
tioned, as not being always ranked among the asterisms (see above, 
p. 352 etc.)—those of the seven other fixed stars of which the positions 
were stated in the eighth chapter (vv. 10-12 and 20-21), and also those 
of the Seven Sages, or the conspicuous stars in Ursa Major (see end of 
the last note to the eighth chapter). Such impracticable directions, 
however, cannot but inspire the suspicion that the instrument may never 
have been constructed except upon paper. 


9... . Just in the midst of all, the equinoctial (vdishuvatt) 
hoop is fixed. 

10. Above the points of intersection of that and the support- 
ing hoops are the two solstices (ayana) and the two equinoxes 
(vishuval).... 

We have already noticed (note to iii. 6) that the celestial equator de- 
rives its name from the equinoxes through which it passes. It seems a 
little strange that the adjustment of the hoop representing it to the two 
supporting hoops, which we should naturally regard as the first step in 
the construction of the instrument, is here assumed to be deferred until 
after all the other circles of declination are fixed in their places. 

The word translated “ above” (4rdhvam) in verse 10 requires to be 
understood in two very different senses, as is pointed out by the com- 
mentator, to make the definitions of position of the solstices and of the 
equinoxes both correct: the latter are situated precisely at the intersec- 
tion of the equinoctial colure with the equator ; the former at a distance 
of 24° above and below the intersection of the equator with the other 
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colure, or at the intersection of the colure with the third parallel of the 
sun’s declination, on either side of the equator. 

We are next taught how to fix in its proper position the hoop which - 
is to represent the ecliptic. 


10. . . . From the place of the equinox, with the exact num- 
ber of degrees, as proportioned to the whole circle, 

11. Fix, by oblique chords, the spaces (Ashetra) of Aries and 
the rest; and so likewise another hoop, running obliquely from 
solstice (ayana) to solstice, 

12. And called the circle of declination (krént/): upon that 
the sun constantly revolves, giving light: the moon and the other 
planets also, by their own nodes, which are situated in the eclip- 
tic (apamandala), 

13. Being drawn away from it, are beheld at the limit of their 
removal in latitude (vikshepa) from the corresponding point of 
declination. ... 


Instead of simply directing that a circle or hoop, of the same dimen- 
sions as those of the equator and colures, be constructed to represent the 
ecliptic, and then attached to the others at the equinoxes and solstices, 
the text regards it as necessary to fix, upon the six diurnal circles of | 
the sun of which the construction and adjustment were taught above, 
in verses 5-8, the points of division of all the twelve signs, before 
the ecliptic hoop can be added to the instrument. In the compound 
tiryagjyd, in verse 11, which we have rendered “oblique chords,” we 
conceive jyé to have its own more proper meaning of “chord,” instead of 
that of “sine,” which, by substitution for jydrdha (see note to ii, 15-27, 
near the end), it has hitherto uniformly borne. We are to ascertain by 
calculation the measure of the chord of 30°, to reduce it to the scale of 
dimensions adopted for the other great circles of the instrument, and 
then, commencing from either equinox, to lay it off, in an oblique direc- 
tion, to the successive diurnal circles, northward and southward, thus 
fixing the positions upon them of the initial and final aay of the 
twelve signs; and through all these points the ecliptic hoop is to be 
made to pass. 

It does not appear that separate hoops for the orbits of the other 
planets, attached to the ecliptic at their respective nodes, are to be ad- 
ded to the instrument. 

In verse i2 we have a name for the ecliptic, apamandala, which does 
not occur elsewhere in the treatise. The word might be literally trans- 
lated “ off-circle,” and regarded as designating the circle which deviates 
in direction from the neighboring equator; but it is more probably an 
abbreviation for apakramamandala, which would mean, like the ordinary 
terms krdntimandala, krantivrita, “ circle of declination.” 


18. . . . The orient ecliptic-point (Jagna) is that at the orient 
horizon; the occident point (astamgachat) is similarly determined. 
14, The meridian ecliptic-point (madhyama) is as calculated by 
the equivalents in right ascension (lankodayds), for mid-heaven 
(khamadhya) above. The sine which is between the meridian 
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(madhya) and the horizon (kshitiya) is styled the day-measure 
(antyd). 

15. And the sine of the sun’s ascensional difference (caradala) 
is to be recognized as the interval between the equator (vishuvat) 
and the horizon... . 


These verses contain an unnecessary and fragmentary, as also a con- 
fused and blundering, definition of the positions upon the sphere of a 
few among the points and lines which have been used in the calculations 
of the earlier parts of the treatise. We are unwilling to believe that 
the passage is anything but a late interpolation, made by an awkward 
hand. For the point of the ecliptic termed lagna, or that one which is 
at any given moment passing the eastern horizon, or rising, see iii. 46- 
48, and note upon that passage. The like point at the western horizon, 
which the commentator here calls astalagna, “lagna of setting,” and 
which the text directs us to find “in a corresponding manner,” has never 
been named or taken into account anywhere in the treatise: we have 
seen above (as for instance, in ix. 4-5) that all its processes into which 
distance in ascension enters as an element are transferred for calculation 
from the occident to the orient horizon. For madhyalagna, the point 
of the ecliptic situated upon the meridian, see above, iii. 49 and note. 
Although we have ordinarily translated the term by “ meridian ecliptic- 
point,” this being a convenient and exact definition of the point actually 
referred to, we do not regard the word madhya, occurring 1n it, as mean- 
ing “meridian” in the sense in which it is used in modern astronomy, 
namely the great circle passing through the observer’s zenith and the 
north and south points of his horizon. For it deserves to be noted that 
the text has no distinctive name for the meridian, and nowhere makes 
any reference to it as a circle on the sphere: it will be seen just below 
that, while the position of the horizon is defined, the meridian is not 
contemplated as a circle of sufficient consequence to require to be rep- 
resented upon the illustrative armillary sphere. The commentator not 
very infrequently has occasion to speak of the meridian, and styles it 
yamyottaravrtia, “south and north circle,” or érdhvaydmyottaravrtia, 
“uppermost south and north circle.” In the latter half of verse 14, 
where we have translated madhya by “ meridian,” it would have been 
more exact to say “mid-heaven,” or “the sun at the middle of his visi- 
ble revolution,” or “the sun when at the point called madhyalagna.” 
For the “ day-measure” (antyd), see above, iii. 34-36. Its definition 
given here is as bad as it could well be: for, passing over the fact that 
the line in question is not properly a sine, and moreover that the text 
does not tell us in which of the numberless possible directions it is to be 
drawn from the meridian to the horizon, the line which it is. attempted 
to describe is not the one which the treatise regards as the antyd, but 
the correspondent of the latter in the small circle described by the sun. 
That is to say, the text here substitutes the line DA in Fig. 8, above 
(p. 232), for the line EG. A similar blunder is made in defining the 
sine of the sun’s ascensional difference (carajyd): the line AB in the 
same figure, which is the “ earth-sine” (kujyd, kshitijyd), is taken, in- 
stead of its equivalent in terms of a great circle, CG. Moreover, the 
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text reads “equator” (vishuvat—E C in the figure) here for “ east and 
west hour-circle” (unmandala—C P): the commentator restores the 
latter, and excuses the substitution by a false translation of the latter 
half of iii. 6, making it mean “the east and west hour-circle is likewise 
denominated the equinoctial circle.” 

In verse 14, lankodayds is substituted for the more usual term lanko- 
daydsavas (see above, iii. 49, and note), in the sense of ‘ equivalents of 
the signs in right ascension,” literally, “ at Lanka.” 


15. . . . Having turned upward one’s own place, the circle of 
the horizon is midway of the sphere. 

16. As covered with a casing (vastra) and as left uncovered, 
it is the sphere surrounded by Lokaloka. .. . 


The simple direction to turn upward one’s own situation upon the 
central wooden globe which represents the earth does not, it is evident, 
contemplate any very careful or exact adjustment of the instrument. 

Verse 16 is very elliptical and obscure in its expressions, but their 
general meaning is plain, and is that which is attributed to them by the 
commentator. The proper elevation having been given to the pole of 
the sphere, a circle is by some means or other to be fixed about its 
midst, or equally distant from its zenith and nadir, to represent the 
horizon. Then the part below is to be encased in a cloth covering, the 
upper hemisphere alone being left open. As thus arranged, the sphere 
is, as it were, girt about by the Lokaéloka mountains. Lokaloka is, as we 
have seen above (note to xii. 32-44), the name of the giant mountain- 
range which, in the Puranic geography, is made the boundary of the 
universe: it is apparently so called because it separates the world (loka) 
from the non-world (aloka); and as out of the Puranic Mera the new 
astronomical geography makes the axis and poles of the earth, so out of 
these mountains it makes the visible horizon. 

The “ wonder-working fabric of the terrestrial and stellar sphere” is 
now fully constructed, and only requires farther, in order to its comple- 
tion as an edifying and instructive illustration of the relations of the 
heavens to the earth, to be set in motion about its fixed axis, 


16. . . . By the application of water is made ascertainment of 
the revolution of time. 

17. One may construct a sphere-instrument combined with 
quicksilver: this is a mystery; if plainly described, it would be 
generally intelligible in the world. 

18. Therefore let the supreme sphere be constructed according 
to the instruction of the preceptor (guru). In each successive 
age (yuga), this construction, having become lost, is, by the Sun’s 

19. Favor, again revealed to some one or other, at his 
pleasure... . 


Here we have another silly mystification of a simple and compara- 
tively insignificant matter, like that already noticed at the end of the 
sixth chapter. The revolution of the machine of which the construc- 
tion has now been explained, in imitation of the actual motion of the 
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heavens about the earth, is something so calculated to strike the minds 
of the uninitiated with wonder, that the means by which it is to be 
accomplished must not be fully explained even in this treatise, lest pon J 
should become too generally known: they must be learned by eac 
pupil directly from*his teacher, as the latter has received them by suc- 
cessive tradition, from the original and superhuman source whence they 
came. It is perfectly evident that such a fabric could only be made to 
revolve in a rude and imperfect way; that it should have marked time, 
and continued for any period to correspond in position with the actual 
sphere, is impossible. 

The word which, upon the authority of the commentator, we have 
rendered “ water,” in verse 16, is amrtasrdva, literally “ having an im- 
mortal flow”: perhaps the phrase should be translated rather, “by 
managing a constant current of water.” 


19. . . . So also, one should construct instruments (yantra) in 
order to the ascertainment of time. 

20. When quite alone, one should apply quicksilver to the 
wonder-causing instrument. By the gnomon (canku), staff (yashtz), 
arc (dhanus), wheel (cakra), instruments for taking the shadow, 
of various kinds, 

21. According to the instruction of the preceptor (guru), is to 
be gained a knowledge of time by the diligent... . 


The commentator interprets the first part of verse 20 in correspond- 
ence with the sense of the preceding passage: the application of mer- 
cury to a revolving machine, in order to give it the appearance of auto- 
matic motion, must be made privately, lest people, understanding the 
method too well, should cease to wonder at it. The instruments men- 
tioned in the latter half of the same verse are explained in the com- 
mentary simply by citations from the yantradhydya, “ chapter of instru- 
ments,” of the Siddhanta-Ciromani (Goladhy., pp. 111-136, published 
edition). We will state, as briefly as may be, their character : 

The gnomon (¢anku) needs no explanation: its construction and the 
method of using it have been fully exhibited in the third chapter of our 
treatise. The “staff-instrument” (yashtiyantra) is described as follows. 
A circle is described upon a level surface with a radius proportioned to 
that of the sphere, or to tabular radius. Its cardinal points are ascer- 
tained, and its east and west and north and south diameters are drawn. 
From the former, at either extremity, is laid off the sine of amplitude 
(agra) ascertained by calculation for the given day : the points thus de- 
termined upon the circumference of the circle represent the points on 
the horizon at which the sun rises and sets. Another circle, with a ra- 
dius proportioned to that of the calculated diurnal circle of the day 
(dyujy4), is also described about the centre of the other, and is divided 
into sixty equal parts, representing the division of the sun’s daily revolu- 
tion into sixty nadis. Into a depression at the centre, the foot of a 
staff (yashti), equal in length to the radius of the larger circle, is loosely 
inserted. When it is desired to ascertain the time of the day, this staff 
is pointed directly toward the sun, or in such manner that it casts no 
shadow; its extremity then represents the place of the sun at the 
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moment upon the sphere. Measure, by a stick, the distance of that 
extremity from the point of sunrise or of sunset: this will be the chord 
of that part of the diurnal circle which is intercepted between the sun’s 
actual position and the point at which he rose, or will set: the value of 
the corresponding arc in nadis may be ascertained by applying the stick 
to the lesser graduated circle. The result is the time since sunrise, ot 
till sunset. 

The “wheel” (cakra) is a very simple instrument for obtaining, by 
observation, the sun’s altitude and zenith-distance. It is simply a whee, 
suspended by a string, graduated to degrees, having its lowest point 
and the extremities of its horizontal diameter distinctly marked, and 
with a projecting peg at the centre. When used, its edge is turned to- 
ward the sun, so that the shadow of the peg falls upon the graduated 
periphery, and the distances of the point where it meets the latter from 
the horizontal and lowest points of the wheel respectively are the 
required altitude and zenith-distance of the sun. From these, by the 
methods of the third chapter (iii. 37-39), the time may be derived. 

The “arc” (dhanus) is the lower half of the instrument just described 
—or, we may also suppose, a quadrant of it; since only a quadrant is 
required for making the observations for which the instrument is em- 
ployed. 


21. By water-instruments, the vessel (kapdla) etc., by the pea- 
cock, man, monkey, and by stringed sand-receptacles, one may 
determine time accurately. 

22. Quicksilver-holes, water, and cords, ropes (culba), and oil 
and water, mercury, and sand are used in these: these applica- 
tions, too, are difficult. 


The instruments and methods hinted at in these verses are only par- 
tially and obscurely explained by the commentator. The kapila, “ cup” 
or “hemisphere,” is doubtless the instrument which is particularly 
described below, in verse 23. The nara, “man,” is also spoken of be- 
low, in verse 24, and is simply a gnomon ; it is perhaps one of a partic- 
ular construction and size, and so named from having about the height 
of aman. The peacock and monkey are obscure. The “sand-vessels” 
(renugarbha), which are “ provided with cords” (sasétra), are probably 
suspended instruments, of the general character of our hour“glasses. 
The commentator connects them also with the “ peacock,” as if the 
latter were a figure of the bird having such a vessel in his interior, and 
letting the sand pour out of his mouth. In illustration of the “ quick- 
silver-holes” (pdéraddrdé) a passage is cited from the Siddhanta-Ciromani 
(as above), giving the description of an instrument in which they are 
applied. It is a wheel, having on its outer edge a number of holes, of 
equal size, and at equal distances from one another, but upon a zig-zag 
line: these holes are filled half full of mercury, and stopped at the ori- 
fice : and it is claimed that the wheel will then, if supported upon an 
axis by a couple of props, revolve of itself. The application of this 
method may well enough be styled “ difficult”: if a machine so con- 
structed would work, the Hindus would be entitled to the credit of 
having solved the problem of perpetual motion. The descriptions of 
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one or two other somewhat similar machines are also cited in the com- 
mentary from the Siddh&nta-Ciromani: the only new feature worthy of 
notice which they contain is the application of the siphon, or bent tube, 
in emptying a vessel of the water it contains. 

It will have been noticed that, throughout the whole of this chapter, 
the different parts or passages end in the middle of a verse. In the 
twenty-first verse the coincidence between the end of a passage and the 
end of a verse is re-established, but it is at the cost of such an irregular- 
ity as is nowhere else committed in the treatise: the verse is made to 
consist of three half-clokas, instead of two, the whole chapter being 
thus allowed to contain an uneven number of lines. There are two or 
three very superfluous half-verses at the beginning of the chapter, the 
omission of any one of which would seem an easier and preferable 
method of restoring the regular and connected construction of the text. 


23. A copper vessel, with a hole in the bottom, set in a basin 
of pure water, sinks sixty times in a day and night, and is an 
accurate hemispherical instrument. 


This instrument appears to have been the one most generally and fre- 
quently in use among the Hindus for the measurement of time : it is the 
only one described in the Ayin-Akbari (ii. 302). One of the common 
names for the sixtieth part of the day, ghati or ghatikd, literally “ves- 
sel,” is evidently derived from it: the other, nddi or nddikd, “ reed,” 

robably designated in the first place, and more properly, a measure of 
meg and not of time. A verse cited in the commentary to this pas- 
sage gives the form and dimensions of the vessel used: it is to be of ten 
palas’ weight of copper, six digits (angula) high, and of twice that width 
at the mouth, and is to contain sixty palas of water: the hole in the 
bottom through which it is to fill itself is to be such as will just admit 
a gold pin four digits long, and weighing three and a third méshas. 
The description of the Ayin-Akbari does not precisely agree with this; 
and it is, indeed, sufficiently evident that an instrument intended for 
such a purpose could not be accurately constructed by Hindu workmen 
from measurements alone, but would have to be tested by comparison 
with some recognized standard, or by actual use. 


24. So also, the man-instrument (narayantra) is good in the 
day-time, and when the sun is clear. The best determination of 
time by means of determinations of the shadow has been ex- 
plained. 


We have already noticed above, under verse 21, that the nara was a 
simple gnomon.. The explanations here referred to are, of course, those 
which are presented in the third chapter. 

The concluding verse of the chapter is an encouragement held out to 
the astronomical student. 


25. He who thoroughly knows the system of the planets and 
asterisms, and the sphere, attains the world of the planets in the 
succession of births, his own possessor. 
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CHAPTER XIV. 
OF THE DIFFERENT MODES OF RECKONING TIME. 


Contents :—1-2, enumeration of the modes of measuring time, and general explan- 
ation of their uses; 3, solar time; 4-6, of the periods of eighty-six days; 7-11, 
of points and divisions in the sun’s revolution ; 12-13, lunar time; 14, time of the 
Fathers ; 15, sidereal time ; 15-16, of the months and their asterisms ; 17, of the 
twelve-year cycle of Jupiter; 18-19, civil, or mean solar, time; 20-21, time of 
the gods, Prajapati, and Brahma ; 22-26, conclusion of the work. 


1. The modes of measuring time (mda) are nine, namely those 
of Brahma, of the gods, of the Fathers, of Prajapati, of Jupiter, 
and solar (séura), civil a lunar, and sidereal time. 

2. Of four modes, namely solar, lunar, sidereal, and civil time, 
practical use is made among men; by that of Jupiter is to be de- 
termined the year of the cycle of sixty years; of the rest, no 
use is ever made. 


This chapter contains the reply of the sun’s incarnation to the last of 
the questions addressed to him by the original recipient of his revela- 
tion (see above, xii. 8). The word mdna, which gives it its title of md- 
nddhydya, and which we have translated “mode of measuring or reck- 
oning time,” literally means simply “measure”: it is the same term 
which we have already (iv. 2-3) seen applied to designate the measured 
disks of the sun and moon. 


8. By solar (sdura) time are determined the measure of the 
day and night, the shadacitimukhas, the solstice (ayana), the equi- 
nox (vishuvat), and the propitious period of the sun’s entrance 
into a sign (sankranti). 


The adjective sawra, which we translate “solar,” is a secondary de- 
rivative from sé#rya, “sun.” It is applied to those divisions of time 
which are dependent on and determined by the sun’s actual motion 
along the ecliptic. The “day and night” measured by it are probably 
those of the gods and demons respectively; see above, xii. 48-50. The 
solar year, as already noticed (note to i. 12-13), is sidereal, not tropical ; 
it commences whenever the sun enters the first sign of the immovable 
sidereal zodiac, or when he is 10 minutes east in longitude from the 
star ¢ Piscium. The solar month is the time during which he continues 
in each successive sign, or are of 30°, reckoning from that point. The 
length of the solar year and month is subject only to an infinitesimal 
variation, due to the slow motion, of 1’ in 517 years, assumed for the 
sun’s line of apsides (see above, i. 41-44); but it is, as has been shown 
above (note to i. 29-34, near the end), somewhat. differently estimated 
by different authorities. The precise length of the solar months, as 
reckoned according to the Strya-Siddhanta, is thus stated by Warren 
(Kala Sankalita, p. 69): 
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Duration of the several Solar Months. 





Name. | | Sum of duration. 





d n ’ d n v ttre 
Vaigakha, 30 55 30 55 32 39 
Jydishtha, 31 24 62 “hs: 
Ashadha, 31 36 93 a2 8 4 
Cravana, 31 28 125 34 10 46 
BbAdrapada, | 31 2 156 44 13 26 
Acvina, 30 27 186 6 6. 4 
Karttika, 29 54 216 13 18 39 
Margacirsha, | 29 30 24 246 37. 41° x2 
Pausha, 29 20 53 275 30° 23 43 
Magha, 29 27 16 305 46 26 15 
Phalguna, 29 48 24 334 10 28 48 
| Caitra, : 30 20 21 365 31 31 24 
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The former passage (i. 12-13) took no note of any solar day; in this 
chapter, however, such a division of time is distinctly contemplated : it 
is also recognized by the Siddhanta-Ciromani (Ganitadhy., ii. 8), and 
seems to be, for certain uses, generally accepted. The solar day is the 
time during which the sun traverses each successive degree of the eclip- 
tic, with his true motion, and its length accordingly varies with the rap- 
idity of his motion: three hundred and sixty such days compose the 
sidereal year. In order to determine the solar day corresponding to any 
given moment, it is, of course, only necessary to calculate, by the meth- 
ods of the second chapter, the sun’s true longitude for that moment. 
Hence it is a matter of very little practical account: all the periods re- 
garded as determined by it may be as well derived directly from the 
sun’s longitude, without going through the form of calling its degrees 
days. It is thus with the equinoxes, solstices, and entrances of the sun 
into a sign (sankrdénti, “ entrance upon connection with”): for the latter, 
and for the continuance of the propitious influences which are believed 
to attend upon it, see below, verse 11. The shadagitimukhas form the 
subject of the next following passage. 

The manuscript without commentary inserts here the following verse : 
“the day and night of the gods and demons, which is determined by 
the sun’s revolution through the circle of asterisms ja and the 
number of the Golden (Arta) and other Ages, as already stated, is to 
be known.” 


4, Beginning with Libra, the shadacitimukha is at the end of 
the periods of eighty-six (shadagitt) days, in succession: there are 
rie of them, occurring in the signs of double character (dvisva- 

hava) ; 

5. Namely, at the twenty-sixth degree of Sagittarius, at the 
twenty-second of Pisces, at the eighteenth degree of Gemini, and 
at the fourteenth of Virgo. 

6. From the latter point, the sixteen days of Virgo which re- 
main are suitable for sacrifices: anything given to the Fathers . 
(pitaras) in them is inexhaustible. 





xiv. 10.) Sarya-Siddhanta, oe 


We have not been able to find anywhere any explanation of this cu- 
rious division of the sun’s path into arcs of 86°, commencing from the 
autumnal equinox, and leaving an odd remnant of 16° at the end of 
Virgo. The commentary offers nothing whatever in elucidation of their 
character and significance. The epithet “of double character” (dvisva- 
bhava) belongs to the four signs mentioned in verse 5 ; judging from the 
connection in which it is’ applied to them by Vardha-Mihira (Laghu- 
jataka, i. 8, in Weber’s Indische Studien, ii. 278), it designates them as 
either variable (cara) or fixed (sthira), in some astrological sense. The 
term shadagitimukha is composed of shadagiti, “ eighty-six,” and mukha, 
“mouth, face, beginning.” We do not understand the meaning of the 
compound well enough to venture to translate it. 


7. In the midst of the zodiac (bhacakra) are the two equinoxes 
(vishuvat), situated upon the same diameter (samasitraga), and 
likewise the two solstices (ayana) ; these four are well known. 

8. Between these are, in each case, two entrances (sankraniti) ; 
from the immediateness of the entrance are to be known the two 
feet of Vishnu. 

9. From the sun’s entrance (sankrénii) into Capricorn, six 
months are his northern progress (uttardyana) ; so likewise, from 
the beginning of Cancer, six months are his southern progress 
(dakshindyana). 

10. Thence also are reckoned the seasons (rtu), the cool season 
(cigira) and the rest, each prevailing through two signs. These 
twelve, commencing with Aries, are the months; of them is 
made up the year. 


The commentator explains samastitraga, like samasitrastha above 
(xii. 52), to mean situated at opposite extremities of the same diameter 
of the earth, or antipodal to one another. 

The technical term for the sun’s entrance into a sign of the zodiac is, 
as noticed already, sankraénti (the commentary also presents the equiva- 
lent word sankramana); of these there take place two between each 
equinox and the preceding or following solstice. The latter half of 
verse 8 is quite obscure. The commentator appears to understand it as 
signifying that, in each quadrant, the entrance (sankrdnti) immediately 
following the solstice or equinox is styled “ Vishnu’s feet.” In the ear- 
liest Hindu mythology, Vishnu is the sun, especially considered as occu- 
pying successively the three stations of the orient horizon, the meridian, 
and the occident horizon; and the three steps by which he strides 
through the sky are his only distinctive characteristic. These three 
steps, then, appear under various forms in the later Vaishnava mythol- 
ogy, and there is plainly some reference to them in this designation of 
the sun’s entrances into the signs. It would seem easiest and most nat- 
ural to recognize in the three signs intervening between each equinox 
and solstice Vishnu’s three steps, and to regard the two intermediate 
entrances as the marks of his feet; this may possibly be the figure in- 
tended to be conveyed by the languagé of the text. 

The word réw means originally and literally any determined period of 
time, a “ season” in the most general sense of the term; but it has also 
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been employed from very early times to designate the various divisions 
of the year. They were anciently reckoned as three, five, six, or seven ; 
but the prevailing division, and the only one in use in later times, is that 
into six seasons, named (icira, Vasanta, Grishma, Varsha, Qarad, and 
Hemanta, which may be represented by coo] season, spring, summer, 
rainy season, autumn, and winter. (Cicira begins with the month Magha, 
or about the middle of January (see note to i, 48-51, and the table 
given below, under vv. 15-16), and each season in succession includes 
two solar months, 


11. Multiply the number of minutes in the sun’s measure 
(mana) by sixty, and divide by his daily motion: a time equal 
to half the result, in nadis, is propitious before the sun’s entrance 
into a sign (sankréniti), and likewise after it. 


The propitious influences referred to above, in verse 3, as- attending 
upon the sun’s entrance into a sign, are regarded as enduring so long as. 
any part of his disk is upon the — of separation between the two 
signs. This time is found by the following proportion: as the sun’s ac- 
tual daily motion, in minutes, is to a day, or sixty nAdis, so is the meas- 
ure of his disk, in minutes, to the time which it will occupy in passing 
the point referred to. 

12. As the moon, setting out from the sun, moves from day to 
day eastward, that is the lunar method of reckoning time (mdna) : 
a lunar day (tithi) is to be regarded as corresponding to twelve 
degrees of motion. 


13. The lunar day (titht), the karana, the general ceremonies 
marriage, —- and the performance of vows, fastings, an 
e 


pilgrimages, are determined by lunar time. 

14. Of thirty lunar days is composed the lunar month, which 
is declared to be a day and a night of the Fathers: the end of 
the month and of the half-month (paksha) are at their mid-day 
and midnight respectively. 


For the tithi, or lunar day, see above, ii. 66: for the karana, see 
ii. 67-69. For the month considered as the day of the pitaras, or manes 
of the departed, see note to xii. 73-77. Manu (i. 66) pronounces the 
day of the Fathers to be the dark half-month, or the fortnight from full 
moon to new moon, and their night to be the light halfmonth, or the 
fortnight from new moon to full moon. With this mode of division 
might be made to accord that stated in the latter part of verse 14, by 
rendering madhye “ between,” instead of “at the middle point of”: we 
have translated according to the directions of the commentator. 


15. The constant revolution of the circle of asterisms (bhaca- 
kra) is called a sidereal day. The months are to be known by 
the names of the asterisms (nakshatra), according to the conjunc- 
tion (yoga) at the end of a lunar period (parvan). 

16. To the months K4rttika etc. belong, as concerns the con- 
junction (samayoga), the asterisms Krttika ete., two by two: but 
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three months, namely the last, the next to the last, and the fifth, 
have triple asterisms. 


The subject of sidereal time, although one of prominent importance 
in the present treatise, since the subdivision of the day is regulated 
entirely by it, is here very summarily dismissed with half a verse, while 
we find appended to it in the same passage matters with which it has 
nothing properly to do. 

We have already (note to i. 48-51) had occasion to notice that the 
months are regarded as having received their names from the asterisms 
(nakshatra) in which the moon became full during their continuance. 
According to Sir William Jones (As. Res., ii. 296), it is asserted by the 
Hindus “that, when their lunar year was arranged by former astrono- 
mers, the moon was at the full in each month on the very day when it 
entered the nakshatra, from which that month is denominated.” Wheth- 
er this assertion is strictly true admits of much doubt. Our text does 
not imply any such claim: it only declares that the month is to be 
called by the name of that asterism with which the moon is in conjunc- 
tion (yoga) at the end of the parvan : this latter word might mean either 
half of a lunar month, but is evidently to be understood here, as ex- 
plained by the commentary, of the light half (¢ukla paksha) alone, so 
that the end of the parvan (parvdnta) is equivalent to the end of 
the day of full moon (pérnimdnta), or to the moment of opposition in 
longitude. Now it is evident that, owing to the incommensurability of 
the times of revolution of the sun and moon, as also to the revolution 
of the moon’s line of apsides, full moon is liable to occur in succession 
in all the asterisms, and at all points of the zodiac; so that although, 
at the time when the system of names for the months originated and 
established itself, they were doubtless strictly applicable, they would not 
long continue to be so. Instead, however, of being compelled to alter 
continually the nomenclature of the year, we are allowed, by verse 16, 
to call a month KArttika in which the full of the moon takes place either 
in Krttik& or in Rohini, and so on; the twenty-seven asterisms being 
distributed among the twelve months as evenly as the nature of the case 
admits. 

At what period these names were first introduced into use is unknown. 
It must have been, of course, posterior to the establishment of the sys- 
tem of asterisms, but it was probably not much later, as the names are 
found in some of the earlier texts which contain those of the nakshatras 
themselves. We can hardly suppose that they were not originally ap- 
plied independently to the lunar months; and certainly, no more suita- 
ble derivation could be found for the name of a lunar period than from 
the asterism in which the moon attained during its continuance her full 
beauty and perfection. In later times, as we have already seen (note to 
i. 48-51), the true lunar months are entirely dependent for their nomen- 
clature upon the solar months, according to the determination of the 
latter, as regards their commencement and duration, by the data and - 
methods of the modern astronomical science. There has been handed 
down another system of names for the months (see Colebrooke in As. 
Res., vii. 284 ; Essays, i. 201), which have nothing to do with the aster- 
isms: whether they are to be regarded as more ancient than the others 
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we do not know. They are—commencing with the first month of the 
season Vasanta, or with that one which in the other system is called 
Caitra—as follows: Madhu, Madhava, Cukra, uci, Nabhas, Nabhasya, 
Isha, Orja, Sahas, Sahasya, Tapas, Tapasya. 

For the sake of a clearer understanding of the relations of the aster- 
isms, months, and seasons, we present their correspondences below in a 
tabalar form : 

Asterisms in which 


Season. Month. full moon may occur. 


Carad, Karttike { Krttika, 
(Oct. -Nov.) Rohini. 


Margacirsha, 
(Nov.-Dec.) 


Pausha, 
(Dec.-Jan.) 


ha. 
a 


Phalguna. 
(Feb.- Mar.) 


Citra. 
(Mar.-Apr.) 


Vaicdkha. 

(Apr.-May.) 

ame 

(May-June.) 

Ash&dha. P.-Ashadha. 

(June-July.) 

ravana. é 

July - Ang.) Cravishtha. 
a j. 

Bhadrapada, .-Bhadrapada, 

(Aug.-Sept.)) U.-BhAdrapada, 


2 Revati. 
Acvina. Acvini. 
Carad, (Sept.-Oct.) : 

Davis (As. Res., iii. 218) notices that some of the ancient astrono- 
mers have divided the asterisms somewhat differently, giving to’ Cravana 
the three beginning with Cravana, to Bhadrapada the three beginnin 
with Pairva-Bhadrapadaé, and to Acvina only Acvini and Bharani. It 
seems, indeed, that the selection of the three months to which three 
asterisms, instead of two, were assigned, must have been made somewhat 
arbitrarily. 

It will be noticed that in this passage KArttika is treated as the first 
of the series of months, while above (v. 10) Cicira was mentioned as the 
first season, and while in practice (see note to i. 48-51) Vaicdkha is 
treated as the first of the solar months, and Caitra of the lunar. Another 
name for M4rgacirsha, also, is Agrahayana, which appears to mean 
“commencement of the year.” How much significance these varia- 
tions of usage may have, and what is their reason, is not known to us. 
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As regards Vaicakha and Caitra, indeed, the case is clear, and we may 
also regard the rank assigned to Karttika as due to the ancient position 
of Krttika, as first among the lunar mansions. 


17. In Vaicékha etc., a conjunction (yoga) in the dark half- 
month (krshna), on the fifteenth lunar day (tthi), determines in 

like manner the years KArttika etc. of Jupiter, from his heliacal 

setting (asia) and rising (udaya). 

We have already, in an early part of the treatise (i. 55), made acquaint- 
ance with a cycle of the planet Jupiter, composed of sixty ‘years; in 
this verse we have introduced to our notice a second one, containing 
twelve years, or corresponding to a single sidereal revolution of the 
planet. The principle upon which its nomenclature is based is very evi- 
dent. Jupiter’s revolution is treated as if, like that of the sun, it deter- 
mined a year, and the twelve parts, each quite nearly equalling a solar 
year (see note to i. 55), into which it is divided, are, by the same anal- 
ogy, accounted as months, and accordingly receive the names of the 
solar months. The appellations thus applied to the years, in their order, 
we are directed to determine by the asterism (nakshatra) in which the 
planet is found to be at the time of its disappearance in the sun’s rays, 
and its disengagement from them: for it would, of course, set and rise 
heliacally twelve times in each revolution, and each time about a month 
later than before. The name of the year, however, will not agree with 
that of the month in which the rising and setting occur, but will be the 
opposite of it, or six months farther forward or backward, since the 
month is named from the asterism with which the sun is in opposition, 
but the year of the cycle from that with which he is in conjunction. 
The terms in which the rule of the text is stated are not altogether un- 
ambiguous; there is no expressed grammatical connection between the 
two halves of the verse, and we are compelled to add in our translation 
the important word “ determines,” which links them together. The 
meaning, however, we take to be as follows: if, in any given year, the 
heliacal setting of Jupiter takes place in the month Vaicdkha, then the 
asterism with which the moon is found to be in conjunction at the end 
of that month—which will be, of course, the asterism in which the sun 
is at the same time situated—will determine the name of the year, which 
will be Karttika: and so on, from year to year. The expression “in 
like manner,” in the second half of the verse, is interpreted as implying 
that to the years of this cycle is made the same distribution of the as- 
terisms as to the months in the preceding passage: the second and third 
columns of the last table, then, will apply to the cycle, if we alter their 
headings respectively, from “ month” to “ year of the cycle,” and from 
“asterisms in which full moon may occur” to “asterisms in which Ju- - 
piter’s heliacal setting and rising may occur.” 

There is one untoward circumstance connected with this arrangement 
which is not taken into account by the text, and which appears to op- 
pose a practical difficulty to the application of its rule. The amount of 
Jupiter’s motion during a solar year is not precisely one sign, but per- 
ceptibly more than that, so that the mean interval between two succes- 
sive heliacal settings is a little more than a solar month; and this dif- 
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ference accumulates so rapidly that the thirteenth setting would take 
place about four degrees farther eastward than the first, so that, without 
some system of periodical omissions of a month, the correspondence 
between the names of the years, if applied in regular succession, and 
the asterisms in which the planet disappeared would, after a few revolu- 
tions, be altogether dislocated and broken up. If the cycle were of 
more practical consequence, or if it were contemplated as one of the 
proper subjects of this treatise, we might expect to find some method 
of obviating this difficulty prescribed. Warren, however, in his brief 
account of the cycle of twelve years (Kala Sankalita, p. 212 etc.), states 
that he knows of no nation or tribe making any use of it, but only finds 
it mentioned in the books. According to both him and Davis (As. Res., 
iii. 217 etc.), the cycle of twelve years is subordinate to that of sixty, 
the latter being divided into five such cycles, to which special names are 
applied, and of each of which the successive years receive in order the 
titles of the solar months. The appellations of the cycles themselves 
are those which properly belong to the years of the lustrum (yuga), or 
cycle of five years, by which, as already noticed (note to i. 56-58), the 
Hindus appear first to have regulated time, and effected by intercala- 
tion the coincidence of the solar and lunar years: they are Samvatsara, 
Parivatsara, Idavatsara, Idvatsara, (or Anuvatsara), and Vatsara (or 
Idvatsara, or Udravatsara). It would appear, then, either that the cycle 
of sixty years was derived from and founded upon the ancient lustrum, 
being an imitation of its construction in time of the planet Jupiter, 
of which a month equals a solar year, or else that the already existing 
cycle had been later fancifully compared with the lustrum, and subdivi- 
ded after its model into sub-cycles for years, and years for months: of 
these two suppositions we are inclined to regard the latter as decidedly 
the more probable. 


18. From rising to rising of the sun, that is called civil (s@vana) 
reckoning. By that are determined the civil days (s@vana), and 
by these is the regulation of the time of sacrifice ; 

19. Likewise the removal of uncleanness from child-bearing 
etc., and the regents of days, months, and years: the mean mo- 
tion of the planets, too, is computed by civil time. 


The term sévana we have translated “civil,” as being a convenient 
way of distinguishing this from the other kinds of time, and as being 
very properly applicable to the day as reckoned in practical use from 
sunrise to sunrise : in the more general sense, as denoting the mode of 
reckoning the mean motions of the planets, and the regency of succes- 
sive periods, sévana corresponds to what we call “mean solar” time. 
The word itself seems to be a derivative from savana, “libation,” the 
three daily savanas, or the sunrise, noon, and sunset libations, being 
determined by this reckoning. 


20. The mutually a day and night of the gods (sura) 
and demons (asura), which has been already explained, is time 
of the gods, being measured by, the completion of the sun’s 
revolution. 
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21. The space of a Patriarchate (manvantara) is styled time 
of Prajapati: in it is no distinction of day from night. An Aon 
(kalpa) is called time of Brahma. 


It may well be said that the mode of reckoning by time of the gods 
has been already explained: the length of a day of the gods, with the 
method of its determination, has been stated and dwelt upon, in almost 
identical language, over and over again (see i. 13-14; xii. 45-50, 67, 
74; and the interpolated verse after xiv. 3), almost as if it were so new 
and striking an idea as to demand and bear repeated inculcation. For 
the Patriarchate (manvantara), or period of 308,448,000 years, see 
above, i. 18: this is the only allusion to it as a unit of time which the 
treatise contains. For the Alon (kalpa), of 4,320,000,000 years, as 
constituting a day of Brahma, see above, i. 20. 

The remaining verses are simply the conclusion of the treatise. 


22. Thus hath been told thee that supreme mystery, lofty and 
wonderful, that sacred knowledge (brahman), most exalted, pure, 
all guilt destroying ; 

23. And the highest knowledge of the heaven, the stars, and 
the planets hath been exhibited: he who knoweth it thoroughly 
obtaineth in the worlds of the sun etc. an everlasting place. 

24. With these words, taking leave of Maya, and being suit- 
ably worshipped by him, the part of the sun ascended to heaven, 
and entered his own disk. 

25. So then Maya, having personally learned from the sun 
that divine knowledge, regarded himself as having attained his 
desire, and as purified from sin. 

26. Then, too, the sages (rshz), learning that Maya had received 
from the sun this gift, drew near and surrounded him, and rev- 
erently asked the knowledge. 

27. And he graciously bestowed upon them the grand system 
of the planets, of mysteries in the world the most wonderful, 
and equal to the Scripture (brahman). 


The Sarya-Siddhanta, in the form in which it is here presented, as ac- 
cepted by Ranganatha and fixed by his commentary, contains exactly 
five hundred verses. This number, of course, cannot plausibly be looked 
upon as altogether accidental : no one will question that the treatise has 
been intentionally wrought into its present compass. We have often 
found occasion above to point out indications, more of less distinct and 
unequivocal, of alterations and interpolations; and although in some 
cases our suspicions may not prove well-founded, there can be no reason- 
able doubt that the text of the treatise has undergone since its origin 
not unimportant extension and modification. Any farther consideration 
of this point we reserve for the general historical summary to be pre- 
sented at the end of the Appendix. 
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APPENDIX: 


CONTAINING ADDITIONAL NOTES AND TABLES, CALCULATIONS OF 
ECLIPSES, A STELLAR MAP, Etc. 


A. p. 142. The name siddhdnta, by which the astronomical text- 
books are generally called, has, by derivation and original meaning, 
nothing to do with astronomy, but signifies simply “ established conclu- 
sion ;” and it is variously applied to other uses in the Sanskrit literature. 

It may not be uninteresting to present here a summary view of the 
existing astronomical literature of the Hindus, as derived from such 
sources of information upon the subject as are accessible to us, even 
though such a view must necessarily be imperfect and incomplete. We 
commence by giving a list of works furnished to the translator, at his 
request, by the native Professor of Mathematics in the Sanskrit College 
at Pina, and which may be taken as representing the knowledge pos- 
sessed, and the opinions held, by the learned of Western India at the 
present time. Along with it is offered the list of nine treatises given in 
the modern Sanskrit Encyclopedia, the Cabdakalpadruma, as entitled to 
the name of Siddhanta. The longer list was intended to be arranged 
chronologically ; the remarks appended to the names of treatises are 
those of its compiler. 


. Brahma-Siddhanta. 
. Sdrya-Siddhanta, 
. Soma-Siddhanta. 
VAsishtha-Siddh4nta. 
. Romaka-Siddhanta. 
. Paulastya-Siddhanta. 
. Brhaspati-Siddhanta. 
. Garga-Siddhanta. 
9. Vy4sa-Siddhanta. 
10. Paracara-Siddbanta. 
11. Bhoja-Siddhanta; earlier than the Ciromani. 
12. Vardéha-Siddhanta; earlier than the Ciromani. 
13, Brahmagupta-Siddhdnta ; earlier than the (iromani. 
14. SiddhAnta-Ciromani ; gake 1072 [ A.D. 1150]. 
15. Sundara-Siddhanta; about 400 years ago, [years ago. 
16, Tattva-Viveka-Siddhanta ; in the time of the reign of Jaya Sinha, about 250 
17. eet in the time of the reign of Jaya Sinha. 
18. Laghu-Arya-Siddhanta . ' ; 
19. Brhad-Arya-Siddhanta } earlier en oe Pong. 


It is obvious that these lists are uncritically constructed, and that 
neither of them is of a nature to yield valuable information without ad- 


ditional explanations. The one is most unreasonably curt, and seems 
founded on the principle of allowing the title of Siddhanta to no work 


. Brahma-Siddhanta. 

. Sdrya-Siddhanta. 

- Soma-Siddhanta. 

. Brhaspati-Siddhanta. 
. Garga-Siddhdnta. 

. Narada-Siddbanta. 

. Pardgara-Siddhanta. 
. Paulastya-Siddhanta. 
- Vasishtha-Siddhanta. 


Om Aankm ww 
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which is the acknowledged composition of a merely human author, 
while the other contains treatises of very heterogeneous character and 
value : and neither list distinguishes works now actually in existence from 
those which have become lost, and those of which the existence at any 
period is questionable. A more satisfactory account of the Siddhanta 
literature may be drawn up from the notices contained in the writings of 
Western scholars, and especially from the various essays of Colebrooke. 
For what we shall here offer, he is our main authority. 

In the present imperfect state of our knowledge of the subject, there 
is perhaps no better method of classifying the Hindu astronomical trea- 
tises than by dividing them into four classes, as follows: first, those 
which profess to be a revelation on the part of some superhuman being ; 
second, those which are attributed to ancient and renowned sages, or to 
other supposititious or impersonal authors; third, those regarded as the 
works of actual authors, astronomers of an early and uncertain period ; 
fourth, later texts, of known date and authorship, and mostly of a less 
independent and original character. 

I. The first class comprises the Brahma, Strya, Soma, Brhaspati, and 
Narada Siddhantas. 

1. Brahma-Siddhanta. The earliest treatise bearing this name is 
said to have formed a part of the Vishnudharmottara Purana, a work 
which seems to be long since lost, and scarcely remembered except in 
connection with the Siddhanta. The latter, too, is only known by a few 
citations in astronomical writings, and by the treatise of Brahmagupta 
(see below, third class) founded upon it. Another work laying claim to 
the same title is that which we have many times cited above as the 
(akalya-Sanhité. Sanhita, “text, comprehensive work,” is a term em- 
ployed to denote a complete course of astronomy, astrology, horoscopy, 
etc.: this treatise, according to the manuscript in our possession, forms 
the second division (pragna) of such a course. It professes to be re- 
vealed by Brahma to the semi-divine personage Narada. Of its relation 
to the Sarya-Siddhdnta we have spoken above (note to viii. 10-12). It 
does not appear to be referred to as an independent work in either of 
the native lists we have given. 

2. Stérya-Siddhénia, This is the treatise of which the translation 
has been given above, and of which, accordingly, we do not need to 
speak here more particularly. 

8. Soma-Siddhanta. Judging from its title, this work must profess 
to derive its origin from the moon (soma), as the preceding from the 
sun (sérya). Bentley speaks of it as following in the main the system 
of the Sarya-Siddhanta. There is a manuscript of it in the Berlin 
Library (Weber’s Catalogue, No. 840), and Colebrooke seems also to 
have had it in his hands. 

4. Brhaspati-Siddhanta. Brhaspati is the name of a divine person- 
age, priest and teacher of the gods, as also of the planet Jupiter. No 
work bearing this name is mentioned, so far as we can ascertain, by any 
European scholar, although Brhaspati is not infrequently referred to in 
native writings as an authority in astronomical matters. 

5. Nérada-Siddhénta. A Naradi-Sanhitd, or course of astrology, in 
the Berlin Library (Weber, No. 862), and an occasional reference to 
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Narada, among other divine or mythical personages, as an astronomical 
authority, are all the indications we find justifying the introduction of 
this name into the list of the Cabdakalpadruma. ‘ 

II. In the second class we include the Garga, Vyasa, Paracara, Pau- 
liga, Paulastya, and Vasishtha Siddhantas. Garga, Pardcara, Vy4sa, 
Pulastya, and Vasishtha are prominent among the sages of the ancient 
period of Hindu history: the two latter are of the number of those who 
give name to the stars in Ursa Major (they are @ and ¢ respectively). 
They cannot possibly have been the veritable authors of Siddhantas, or 
works presenting the modern astronomical system of the Hindus: but— 
and this seems to be especially the case with regard to ym and Para- 
cara—one and another of them may have distinguished themselves in 
connection with the older science, and so have furnished some ground 
for the part attributed to them by the later tradition, and for the father- 
ing of astronomical works upon them. 

1. Garga-Siddhaénta, Astronomical treatises and commentaries upon 
them occasionally offer citations from Garga (see, for instance, Cole- 
brooke’s Essays, ii. 356; Sir William Jones in As. Res., ii. 397), but of 
a Siddhanta, or text-book of astronomy, bearing his name, we find 
nowhere any mention excepting in these lists. 

2. Vydsa-Siddhénta, This name, too, is known to us only from the 
list above given. 

3. Pdrdgara-Siddhénta. According to Bentley, the second chapter 
of the Arya-Siddhdnta contains an extract from this work, in which are 
stated the elements of the mean motions of the planets adopted by it. 
The work itself appears to be lost; unless, indeed, it may have been 
contained in a manuscript of the Mackenzie Collection, which in Wil- 
son’s Catalogue (i. 120) is called Vriddha-Pardsara, and said to be “a 
system of astrology, attributed to Parasara, the father of Vyasa.” 

4, Pduliga-Siddhanta. The planetary elements of this treatise also 
are preserved in later commentaries, and are stated by Bentley and 
Colebrooke. We have noticed above (note to i. 4-6) that al-Birani at- 
tributes it to Paulus the Greek ; whence Weber (Ind. Lit., p. 226) con- 
jectures that it was founded upon the Eloaywy% of Paulus Alexandrinus. 
If this account of its origin be correct, the Puliga to whom the later 
Hindus attribute it is a fictitious personage, whose name is manufactured 
out of Paulica. The work, it will be seen, is not mentioned in either of 
the lists we have given, its place appearing to be taken by the Pulastya- 
Siddhanta. According to the Hindu tradition, the school represented 
by the Pauliga-Siddhanta was the rival of that of Aryabhatta. 

5. Pulastya-Siddhanta. Of this SiddhAnta we find mention only in 
such native lists as omit the preceding. Hence we are led to conjecture 
that the two names may indicate the same work; an attempt, founded 
upon the similarity of the names, having been made by some to attribute 
the Pauliga-Siddhanta to a known and acknowledged Hindu sage. 

6. Vasishtha-Siddhdnta, This work is spoken of as actually in ex- 
istence by both Colebrooke and Bentley, and the latter states its sys- 
tem to correspond with that of the Sarya-Siddhanta. More than one 
treatise bearing the name is referred to, the older one being of unknown 
authorship, and the other a later compilation founded upon this, by 
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Vishnu-candra, who is said also to have derived his material in part from 
Aryabhatta. A copy of a Vrddha-Vasishtha-Siddhanta formed a part of 
the Mackenzie Collection (Wilson’s Catalogue, i. 121). . 

III. To the third class may be assigned the Siddbantas of Aryabhat- 
ta, Varaha-mihira, and Brahmagupta, and the Romaka-Siddhanta, as 
well as the later version of the Vasishtha-Siddhanta, last spoken of, 
The first three names are those of greatest prominence and highest im- 
portance in the history of Hindu astronomical science, and there is 
every reason to believe that the sages who bore them lived about the 
time when the modern system may be supposed to have received its 
final and fully developed form, or during the fifth and sixth centuries of 
our era. 

1. Arya-Siddhanta. The two principal works of Aryabhatta appear 
to have been originally entitled the AryAshtacata, “ work of eight hun- 
dred verses,” and Dacagitika, “work of ten cantos.” Colebrooke knew 
neither of them excepting by citations in other astronomical text-books 
and commentaries. Bentley had in his hands two treatises which he 
calls the Arya-Siddhanta and the Laghu-Arya-Siddhanta, which are pos- 
sibly identical with those above named.* The Berlin Library also con- 
tains (Weber, No. 834) a work which professes to be a commentary on 
the Dacagitika. 

2. Vardha-Siddhanta. The only distinctively astronomical work of 
Varaha-mihira appears to have been his Pafica-siddhantika, or Compen- 
dium of Five Astronomies, of which we have already spoken (note to 
i, 2-3), and which was founded upon the Brahma, Sarya, Pauliga, Va- 
sishtha, and Romaka Siddhantas. It is supposed to be no longer in 
existence, although the astrological works of the same author have been 
carefully preserved, and are without difficulty accessible. 

3. Brahma-Siddhénta. The proper title of the work composed by 
Brahmagupta, upon the foundation of an earlier treatise bearing this 
name, is Brahma-sphuta-Siddhanta, “ corrected Brahma-Siddhanta,” but 
the word sphuta, “ corrected,” is frequently omitted in citing it, as has 
been our own usage in the notes to the Sarya-Siddhanta. Colebrooke 
possessed an imperfect copy of it, and it was also in Bentley’s posses- 
sion. Upon it was professedly founded, in the main, the Siddhanta-Ci- 
romani of Bhaskara. 

4. Romaka-Siddhaénta. Of the name of this treatise, the only one 
we have thus far met with which is not derived from a real or supposed 
author, we have spoken in the note to i. 4-6. It is said by Colebrooke 
to be by Crishena, and to have been founded in part upon the original 
Vasishtha-Siddhanta ; its early date is proved by its being one of those 
treated as authorities by Varaha-mihira. No copy of it seems to have 
have been discovered in later times. 

Our list also mentions a Bhoja-Siddhaénta, probably referring to some 
astronomical work published during the reign, and under the patronage, 
of Raja Bhoja Deva, of Dhara, in the tenth or eleventh century of 
our era. 





* See an article by Fitz-Edward Hall, Esq., On the Arya-Siddhbanta, in a later 
part of this volume. 
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IV. Our fourth class is headed by the Siddh4nta-Ciromani, written in 
the twelfth century by Bhaskara Acarya, and founded upon the Brahma- 
Siddhanta of Brahmagupta. Our numerous references to it and cita- 
tions from it indicate the prominent and important position which it 
occupies in the modern astronomical literature of India. For a descrip- 
tion of the numerous commentaries upon it, see Colebrooke’s Hindu 
Algebra, note A (Essays, ii. 450 etc.). 

The longer of the lists given above mentions two or three other 
works of yet later date. Among them the SiddhAnta-Sundara is the 
most ancient, having been composed by Jifiana-raja at the beginning of 
the sixteenth century. The Graha-Laghava is a treatise of the same 
class, and is highly considered and much used throughout India, although 
omitted from the Pina list. It is of nearly the same date with the 
work last spoken of, being the composition of Ganega, and dated gake 
1442 (A.D. 1520). The Siddhanta Tattva-Viveka, more usually styled 
the Tattva-Viveka simply, is a century later: it was written by Kama- 
jakara, about A. D.1620. The Siddhanta-Sarvabhauma dates from very 
neatly the same period, and is the work of Munigvara, who is also the 
anthor of a commentary on the Ciromani, and the son of Ranganatha, 
the commentator on the Sarya-Siddhanta. 

This class of astronomical writings might be almost indefinitely ex- 
tended, but the works which have been mentioned appear to be the 
most authoritative and important. 

Of all the treatises whose names we have cited, we know of but three 
which have as yet been published—the Sarya-Siddhanta, the Siddhanta- 
Ciromani, and the Graha-Laghava; the two latter under the auspices of 
the School-Book Society of Calcutta. Prof. Hall’s edition of the Sarya- 
Siddhanta, to which reference is made in our Introductory Note, has 
been completed by the addition of a fourth Fasciculus since our own 
publication was commenced, so that we have been able to avail ourselves 
of its valuable assistance throughout. 


2. p.142. Ranganatha, in the verses with which he closes his com- 
mentary, states it to have been completed on the same day with the 
birth of his son Munigvara, in the ¢aka year 1525, or A.D. 1603. For 
his relationship to other well-known authors or commentators of astro- 
nomical treatises, see Colebrooke’s Essays, ii. 452 etc. Other commenta- 
tors on the Sirya-Siddhanta mentioned by Colebrooke are Nrsinha, who 
wrote but a few years later than Ranganatha, and Bhadhara and Dada 
Bhai, whose age is not stated. The Mackenzie collection (see Wilson’s 
Catalogue, p.118 at contained commentaries on the whole or parts of 
the same text by Mallikarjuna, Yellaya, an Aryabhatta, Mammabhatta, 
and Tammaya. 


8. p.143. As no especially suitable opportunity has hitherto offered 
itself for giving in our notes tke synonymy of the names of the planets, 
we present here all the appellations by which they are known in the text 
of the Sarya-Siddhanta. 

The sun is called by the following names derived from roots signify- 
ing “to shine”; arka, bhdnu, ravi, vivasvant, strya; also savitar, liter- 
plly “enlivener, generator”; bhdskara, “light-maker”; dinakara and 
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divakara, “ day-maker” ; and tigmangu and tikshndngu, “having hot or 
piercing rays.” 

The moon, besides her ordinary names indu, candra, vidhu, is styled 
nigdkara, “night-maker” ; nigdépati, “lord of night”; anushnagu, gita- 
gu, gitangu, giladidhiti, himaragmi, himangu, himadidhiti, “ having cook 
rays”; and gagin and gagdnka, “ marked with a hare” ; the Hindu fancy 
sees the figure of this animal in the spots on the moon’s disk. The 
name soma nowhere direcily occurs, but it is implied in the title séumya 
given to Mercury. 

Mercury is styled jaa and budha, “ wise, knowing”; also gagija and 
sdumya, “son of the moon.” The reason of neither appellation is ob- 
vious, It will be seen below that the moon, the sun, and the earth have 
each of them one of the lesser planets assigned to it as its son: why 
Mercury, Saturn, and Mars were selected, and on what grounds their 
respective parentage was given them, is hitherto entirely unknown. 

Venus has one name, cukra, “ brilliant,” which is derived from her 
actual character: she is also known as bhrgu, which is the name of one 
of the most noted of the ancient sages, or as bhrguja or bhargava, 
“son of Bhrgu.” 

Mars has likewise a single appellation, angdraka, “coal,” which is 
given him on account of his fiery burning light: all his other titles, 
namely kuja, bhiputra, bhimiputra, bhisuta, bhauma, mark him as “ son 
of the earth.” 

Jupiter is known as brhaspati, which is, as already more than once 
noticed, the name of a divine personage, priest and teacher among the 
gods; the word means originally “lord of worship.” The planet also 
receives some of his titles, namely guru, “preceptor,” and amarejya, 
“teacher of the immortals.” The only other name given to it, jiva, 
“living,” is of doubtful origin. 

Saturn has two appellations, each represented by several forms; 
namely “son of the sun,” or arkaja, drki, siryatanaya ; and “the slow- 
moving,” or manda, gani, candigcara. 

All these names, it will be noticed, are of native Hindu origin, and 
have nothing to do with the appellations given by other nations to the 
planets. In the Hindu astrological writings, however, even those of a 
very early period (see Weber’s Ind. Stud., ii. 261), appear, along with 
these, other titles which are evidently derived from those of the 
Greeks. 

4. p. 146. We have everywhere cited Bentley’s work on Hindu 
astronomy according to the London edition of it (8vo., 1825), the only 
one to which we have had access. 

In a few instances, where we have not specified the part of Bhaskara’s 
Siddhanta-Ciromani to which we refer, the Ganitadhydya, or properly 
astronomical portion of it, is intended. 


5. p. 161. For the convenience of any who may desire to make a 
more detailed examination of the elements of the mean motions of the 
planets adopted in this treatise, and to work out the results deducible 
from them, we present them in the following table in a more exact form, 
We give the mean time of sidereal revolution, in mean solar days, and 
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the amount of mean motion, in seconds, during a day, and also during 
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a Julian year, of 3654 mean solar days. 


Mean Motions of the Pilaneis. 























Planet. si 1 w ~~ | Mean daily motion. |Mean yearly motion. 
d Ld ” 
Sun, 365.25875648 3,548. 16956 1,295,968.931 
Mercury, 87.96970228 | 14,732.34496 5,380,488.996 
Venus, 224.69856755 5,767.72702 2,106,662.295 
Mars, . 686.99749394 1,886.46976 689,033.081 
Jupiter, 4,332.32065235 299.14683 109, 263.381 
Saturn, 10,765.77307461 120.38151 43,969.346 
Moon, 
sider. rev., 27.32167416 | 47,434.86773 17,325,585.437 
synod, rev,, 29.53058795 | 43,886.69817 16,029,616.507 
apsis, 3,232.09367415 400.97848 146,457.389 
node, 6,794.399831 21 190.74532 69,669.730 
























6. p.161. The system of the Sairya-Siddhanta, so far as concerns 
the mean motions of the planets, the date of the last general conjunc- 
tion, and the frequency of its recurrence, is also that of the Qakalya- 
Sanhité. It is likewise presented, according to Bentley (Hind. Astr., p. 
116), by the Soma and Vasishtha Siddhantas. So far as can be gath- 
ered from the elements of the Paulica and Laghu-Arya Siddhantas, as 
reported by Colebrooke and Bentley, these treatises, too, followed a simi- 
lar system ; the revolutions of the planets in an Age, as stated by them, 
where they differ from those of the Sirya-Siddhanta, always differ by a 
number which is a multiple of four. Some of the astronomical text- 
books, however, have constructed their systems in a somewhat different 
manner. Thus the Siddhanta-Ciromani, following the authority of 
Brahmagupta and of the earlier Brahma-Siddhanta, makes the planets 
commence their motions together at the star ¢ Piscium at the very com- 
mencement of the on, and return to a general conjunction at the same 

oint only after the lapse of the whole period of 4,320,000,000 years. 

he same is the case with the Arya and Paéracara Siddhantas: they too, 
as reported by Bentley (Hind. Astr., pp. 148, 150), state the revolutions 
of the planets for the whole Hon only, and in numbers which have no 
common divisor, so that they assume no briefer cycle of conjunction. 
But they all, at the same time, take special notice of the commence- 
ment of the Iron Age, which they make to begin at the moment of mean 
sunrise at Lanka, and manage to effect very nearly a general conjunc- 
tion at the time of its occurrence, as is shown by the table at the end 
of this note, in which are presented the positions of all the planets, and 
of the moon’s apsis and node, as stated by them for that moment. 

We insert these data here, because they seem to us to furnish ground 
for important conclusions respecting the comparative antiquity of the 
two systems. The commencement of the Iron Age, which to the one 
is of cardinal importance as an astronomical epoch, is to the other 
yey Se chronological era, having no astronomical significance. Now 
if, as has been shown in our notes to be altogether probable, that epoch 
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is in fact of astronomical origin, being arrived at by retrospective calcu- 
lation of the planetary motions, we can hardly avoid the conclusion that 
the system which presents it in its true character is the more ancient 
and original. This conclusion is strengthened by the notice taken of 
the epoch by the Siddhanta-Ciromani and its kindred treatises. We do 
not see how their treatment of it is to be explained, excepting upon the 
supposition that a general conjunction at that time was already so firm] 
established as a fundamental dogma of the Hindu astronomy, that they 
were compelled, even while rejecting the theory of brief cycles and re- 
curring conjunctions, to pay it homage by so constructing their elements 
that these should exhibit at least a very near approach to a conjunction 
atthe moment. We are clearly of opinion, therefore, that, apart from 
all consideration of the relative age of the separate treatises, the system 
represented by the Sirya-Siddhanta is the more ancient. 


Mean Places of the Planets, 6 o’c A.M. at Ujjayint, Feb. 18th, B. C.3102. 





Arya-Siddhanta. | Pardcara-Siddhdnta. 
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7. p. 164. We present in the annexed table, in the same form as 
above (note 5), the elements of the mean motions of the planets as cor- 
rected by the bia. 


Mean Motions of the Planets, as corrected by the bija. 





Time of 


sidereal revolution. Mean daily motion. 


Planet. | Mean yearly motion. 





Mercury, 
Venus, 
Jupiter, 
Saturn, 
Moon's apsis, 


d 
87.96978075 
224.69895152 
4,332.41581277 
10,764.89171783 
3,232.12015592 


14,732.33182 
5,767.71717 
299.14026 
120.39136 
400.97519 


5,380,984.196 
2,106,658.695 


109,260.98 
146,456.189 








43,972.946 | 


“ node, 6,794 28280845 190.74861 69,670.930 











8. p.166. At the time when we wrote our note, we had not observed 
that Bentley himself explains, in a foot-note to page 117 of his work, 
this apparent error. In the case of Mercury, since the number of revo- 
lutions as stated by the text of our treatise did not yield him the result 
which he desired, he has. quietly taken the liberty of altering it from 
17,937,060 to 17,937,024, assuming, as his justification, an error of the 
copyists which has not the slightest plausibility, and ignoring the fact 
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that the correctness of the former number is avouched by its occurrence 
in other treatises. It is highly characteristic of Bentley, that he has 
thus arbitrarily amended one of the data upon which he rests the most 
important of his general conclusions, a conclusion which, but for such 
emendation, would be not a little weakened or modified. Any one can 
see for himself, upon referring to our table given on page 188, with how 
much plausibility Bentley is able to deduce, from the dates of its fourth 
column, the year A. D. 1091 as that of the composition of the Sarya- 
Siddhanta. We have been solicitous to allow Bentley all the credit we 
possibly could for his labors upon the Hindu astronomy, but we cannot 
avoid expressing here our settled conviction that, as an authority upon 
the subject, he is hardly more to be trusted than Bailly himself, that his 
work must be used with the extremest caution, and that his determina- 
tion of the successive epochs in the history of astronomical science in 
India is from beginning to end utterly worthless. 


9. p. 167. We have not fulfilled our promise to recur in the eighth 
chapter to the subject of the sun’s error of position, because we felt our- 
selves incompetent to cast at present any valuable light upon it. Noth- 
ing but a careful and thorough sifting and comparison of all the earliest 
treatises, together with the traditions preserved by the commentators, 
and the practical methods of construction of the calendar, is likely to 
settle the question as to the manner in which the elements of the plan- 
etary orbits were originally made up. 

10. p.168. In making out our comparative table of sidereal revolu- 
tions, we have calculated the column for Ptolemy as we conceive that 
he would himself have calculated it, had he been called upon to do so. 
M. Biot, having in view an object different from ours, has carefully re- 
vised Ptolemy’s processes (see his Traité Elémentaire d’Astronomie 
Physique, 3™¢ éd., v. 37-71), and has deduced from the latter’s original 
data what he regards as the true times of sidereal revolution of the pri- 
mary planets furnished by them; his periods are accordingly slightly 
different from those presented in our table. 

Colebrooke (As. Res., xii. 246 ; Essays, ii. 412) has also given a com- 
parative table of the daily motions of the planets, but has committed in 
it the gross error of setting side by side the sidereal rates of motion of 
the Hindu text-books and the tropical rates of Ptolemy and Lalande. 
Of course, his data being incommensurable, the conclusions he draws 
from their comparison are erroneous. 


Al. p.171. We add, in the following table, a comparison of the po- 
sitions of the apsides and nodes of the planets as stated in our treatise— 
being those which are adopted, with unimportant variations, by all the 
schools of Hindu astronomy—with those laid down by Ptolemy in his 
Syntaxis. The latter we give as stated by Ptolemy for his own period, 
without reducing them to their value in distances from the initial point 
of the Hindu sphere. The actual distance of that point, or of the 
vernal equinox of A. D. 560, from the vernal equinox of Ptolemy’s time, 
is about 54°. We should remark also that Ptolemy does not state 
expressly and digtinctly the positions of the nodes: we derive them from 
the rules given by him, in the sixth chapter of his thirteenth Book, for 
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calculating the latitude of the planets: not being, however, altogether 
confident of our correct understanding and interpretation of those rules. 


Positions of the Apsides and Nodes of the Planets. 


| Strya- = 
Planet. ‘siddhanta. Ptolemy. Difference, | 


Apsides : ae ie 


Sun, 5 | © +11 45 

Mercury, 26 | 190 | +30 26 | 
Venus, 49 55 | +24 49 
Mars, a | 125 +14 31 
Jupiter, 16 | 161 | +10 16 
Saturn, 38 | 233 i+ 3 38 

Nodes : 

Mercury, 44 | 10 (+10 44 
Venus, 45 | 55 |+ 4 4 
Mars, 4 | 25 (+14 34 
Jupiter, 41 51 | +28 41 
Saturn, | 100 25 | 183 | ~82 35 








| 
| 
| 
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} 
| 
| ° 











It will be perceived that the differences here are not so great as to ex- 
clude the supposition of a connected origin. We do not ourselves be- 
lieve that the Hindus were ever sufficiently skilled in observation, or in 
the discussion of the results of observation, to be able to derive such 
data for themselves, or even intelligently to modify and improve them, 
when obtained from other sources. In order, however, fully to under- 
stand the relation of the Hindu to the Greek science in this part, we re- 

uire to know, first, what were the positions assigned to the apsides and 
nodes by Greek astronomers prior to Ptolemy, and secondly, what were 
their actual positions at the periods in question. Upon the first point 
no information appears to have been handed down to our times; and as 
regards the other, we have not found any modern determination of the 
desired data, and are not ourselves at present in a situation to undertake 
so intricate and laborious a calculation. 


12. p.173. The era of the kali yuga, or Iron Age, is not in prac- 
tical use among the Hindus of the present day: two others, of a less 
remote date, are ordinarily employed by them in the giving of dates. 
These are styled the eras of CAlivAhana and of Vikramaditya respect- 
ively, from two sovereigns so named: their origin and historical signifi- 
cance are matters of much doubt and controversy. The years of the 
era of Calivahana are, according to Warren (Kala Sankalita, p. 381 and 
elsewhere), solar years: their reckoning commences after the lapse of 
3179 complete years of the Iron Age, or early in April, A.D. 78: the 
1782nd year, accordingly, coinciding with the 4961st of the Iron Age, 
commenced, as is shown by the table on p. 174, April 12th, 1859, and 
ended April 11th, 1860. The years of this era are generally cited as 
gaka or gaéka years. In the other era, the luni-solar reckoning is followed 
(Warren, as above, p. 391 and elsewhere) ; and its first year began with 
the 3045th of the Iron Age, or early in 58 B,C. : its 1962nd year, coin- 
ciding with the 4961st of the remoter era, commenced (see table on p. 
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174) April 4th, 1859, and ended March 22nd, 1860, The years of this 
era are called and quoted as samvatsara years, or, by abbreviation, sim- 
ply samvat. 


13. p.183. M. Vivien de St. Martin (in Julien’s Mémoires de Hiouen- 
Thsang, ii. 258) supposes the value of the /i in use in China during the 
seventh century to have been about 329 metres, or 1080 English feet. 
This would make the values of the three kinds of yojana mentioned by 
the Buddhist traveller to be 84, 64, and 3$ English miles respectively. 


14. p.188. In the first table upon this page, we have, by an over- 
sight, given the earth’s heliocentric longitude, instead of the sun’s geo- 
centric longitude. To the sun’s place as stated, accordingly, should be 
added 180°. 


15. p.196. M. Biot (Journal des Savants, 1859, p. 409) suggests that 
the Hindus, like Albategnius, obtained their sines directly from the 
chords of Hipparchus or Ptolemy. This may not be an altogether im- 
possible supposition, but it is at least an unnecessary one, for they cer- 
tainly had geometry enough, at the time of the elaboration of their 
astronomical system, to construct their table independently. Our notes 
have presented Delambre’s view of the method of its construction and 
the reason of its limitation to arcs which are multiples of 3°45’. We 
cannot but feel, however, upon maturer consideration, that the correct- 
ness of that view is very questionable; that the Hindus could probably 
have made out a more complete table if they had chosen to do so; and 
that a sufficient reason is found for their selection of the are of 3° 45’ 
in the fact that it is a natural subdivision of a recognized unit, the arc of 
30°, while the series of twenty-four sines was sufficiently full and accu- 
rate for their uses. We have been at the pains to calculate the complete 
series of Hindu sines from Ptolemy’s table of chords, assuming the value 
of radius to be 3438’, in order to test the question whether there were 
any correspondence of errors between them which should prove the one 
to be derived from the other: our results are as follows. In five of the 
instances (the 14th, 15th, 19th, 22nd, and 23rd sines of the table) in 
which the value of the Hindu sine exceeds the truth, Ptolemy supports 
the error; in the other three cases (the 16th, 17th, and 18th sines), 
Ptolemy affords the correct value; to the 6th sine, also, which by the 
Hindus is made too small, Ptolemy’s table gives its true value, but the 
next following sine he makes too great (namely 1520.59, which would 
give 1521, instead of 1520); this is his only independent error. The 
evidence yielded by the comparison may be regarded as not altogether 
unequivocal. 

For the benefit of any who may desire to make practical use of the 
Hindu sines, in calculations conducted according to the processes of the 
Strya-Siddhanta, we give, upon the opposite page, a more detailed table 
of them than has been presented hitherto, with such sets of differences 
annexed as will enable the calculator readily to find the sine of any 
given arc, or the reverse, without resorting to the laborious proportions 
by which the text contemplates that they should in each case be deter- 
mined. Such a table we have ourselves found highly useful, and even 
almost indispensable, in connection with our own calculations. 





Strya-Siddhdnta. 


Table of Hindu Sines, with Differences. 





Diff. Arc. Sine. i Arc. 





' a ‘ 

° 1719 60 2978 
60 1769.93 ‘ 61 3006.27 
120 1820.87 62 3034.58 
180 1871.80 : 63 3062.80 
46 1910 3084 
1922.20 64 3090.20 
1971 65 3115 
359.40 2019.80 66 3139.80 
419.13 2068.60 : 67 3164.60 
aa |--— 2093 67 30} 3177 
478.60 2116.20 68 3187.53 
537.80 2162.60 69 3208.60 
597 2209 70 3229.67 
656.20 2255.40 71 3250.74 
671 2267 71 3256 
114.80 2299.80 72 3269 
773.20 2343.52 73 3286.33 
831.60 2387.27 74 3303.67 
890 2431 75 3321 
947.33 2472.07 76 3334.60 
1004.67 2513.14 77 3348.20 
1062 2554.21 78 3361.80 
1105 2585 3372 
2594.53 79 3374.47 
2632.67 80 3384.33 
2670.80 81 3394.20 
1287 2708.93 82 3404.07 
1315 2728 3409 
1342.33 2745.47 83 3411.93 
1397 2780.40 84 3417.80 
1451.67 2815.33 85 3423.67 
1506.33 2850.27 86 3429.53 
1520 2859 3431 
1559.80 2882.80 87 3432.40 
1612.87 2914.53 88 3434.27 
1665.94 2946.26 89 3436.13 
1719 2978 J 92 3438 
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In explaining how the Hindus may have arrived at their empirical 
tule, as laid down in verses 15 and 16, for the development of the series 
of sines, we have also, as mentioned in our note, followed the guidance 
of Delambre. Prof. Newton, however, is of opinion that the rule in 
question was probably obtained by direct geometrical demonstration, in 
some such method as the following, which is much more in accordance 
with the mathematical processes exhibited or implied in other parts of 
the Sarya-SiddhAnta. 

In the quadrant A B (Fig. 34), let B F, BD, and BE be three arcs, of 

; which each exceeds its predecessor 

Fig. 84. by the equal increment D F or DE; 

and let Fm, D7, and E& be their 

sines, increasing by the unequal dif- 

ferences Dh and Eg. Now as ED 

and DF are small arcs (they are 

shown in the figure of three times 

the proportional length of the arcs 

of difference of the Hindu table), 

EDg and DFA may be regarded as 

plane triangles, and the angles made 

by CD at D as right angles: hence 

the angles EDg and C D/ are equal, 

the triangles EDg and CD/ are 

similar, and ED:Eg::C D: CJ; or 

Eg=ED.C/+CD. In like man- 

ner, DA=ED.Cm—CD. There- 

fore Dh—Eg=ED.Jm—~CD; and Eg, which is the amount by 

which Ek exceeds D/, equals Dh—(ED.m~—CD). But, by simi- 

larity of the triangles CD/ and DFA, FA, or Im, equals ED.D /— 

CD; and hence EDJ/m+CD=(ED?~—CD?) DI, or (ED+ 

©D)? Dl. Now when ED equals 225’ and C D 3438’, ED—CD= 

qs nearly (or exactly ;/z,), and (ED+C D)?= 3, nearly (more 

exactly, sz¢.zg)- Hence Ek=D/+Dh— 34; DJ, which is equiva- 
lent to the Hindu rule. 

When we wrote the note to the passage of the text relating to the 
sines, we assumed that the rule as there stated would give the series of 
sines, having found upon trial that it held good for the first few terms of 
the series. But, it having been pointed out to us by Prof. Newton that 
the adoption of +; as the value of ED~CD could not but lead to 
palpably erroneous results, we carried our calculations farther, and found 
that only five of* the sines following the first one can be deduced from 
it by the processes prescribed ; that with the seventh sine begins a dis- 
cordance between the table and the result of calculation by the rule, 
which goes on increasing to the end, where it amounts to as much as 
70’ in the value obtained for radius. 

This untoward circumstance, which may be regarded as a trait highly 
characteristic of a Hindu astronomical treatise, seems to us rather to 
favor the opinion that the rule is the result of construction and demon- 
stration, and not empirically deduced from a consideration of the actual 
second differences. In the latter case we should more naturally suppose 
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that it would have been tested throughout by actual trial; while, if it 
had been arrived at in the manner above explained, an application of it 
to the first few members only of the series might more easily have been 
accepted as a sufficient test of its correctness. 


16. p. 203. We are not sure that the name bhwa may not origin- 
ally and properly belong rather to the are than to its chord or sine. It 
comes from a root bhuj, “ bend,” and signifies primarily “a bend, curve,” 
being applied also to designate the arm on account of the latter’s sup- 
pleness or flexibility. The word Koti also most frequently means “the 
end or hornof a bow.” We might, then, look upon the relations of the 
are (dhanus, cépa, karmuka) and its parts and appurtenances as follows, 
The whole arc taken into account is (Fig. 2, p. 203) QRS: of this, BRC 
is the bhuja, curve or bow proper, while BQ and CS are its two otis 
or horns: BC is the chord or bow-string (jyd etc.), or, more distinct- 
ively, the bhujajyd ; which name, by substitution for jydrdha, is also ap- 
plied to either of its halves, BH or HC: BF or CL is in like manner 
the kotijyad ; RH, finally, the versed sine, is the “arrow” (¢ara, 8 
by this name it is often known in other treatises, although not once 80 
styled in this Siddhanta. If this view be correct, the terms bhwja and 
koti as applied to the base and perpendicular of a right-angled triangle, 
are given them on account of their relation to one another as sine and 
cosine, while the synonyms of bhuja, namely bahu and dos, are employed 
on account only of their agreement with it in the signification “ arm,” 
and not in that which gives it its true application. For Koti the treatise 
affords no synonyms. 


17. p. 207. M. Delambre, in his History of Ancient Astronomy (i. 
462 etc)., has subjected to a detailed examination the rules of the Sirya- 
Siddhanta for the calculation of the equations of the centre for the sun 
and moon, has reduced them to a single formula, and has calculated for 
each degree of a quadrant the values of the equations, comparing them 
with those furnished by the Hindu tables, as reported by Davis (As. Res., 
ji, 255-256). M. Biot has more recently, in the Journal des Savants 
for 1859 (p. 384 etc.), taken up the same subject anew, especially point- 
ing out, and illustrating by figures and calculations, the error of the 
Hindus in assuming the variation of the equation to be the same in all 
the four quadrants of mean revolution. 


18. p. 220. Neither Delambre nor Biot (both as above cited), nor 
any other western savant who has treated of the Hindu astronomy, has 
found any means of accounting for the variation of dimensions of the- 
planetary epicycles. In its present form and extent, indeed, it seems to 
defy explanation: we can only conjecture that it may be an unintelli- 
gent and reasonless extension to all the planets, and to both classes of 
epicycles, of a correction originally devised and applied only in one or 
two special cases, According to Colebrooke (As. Res., xii. 235 etc. ; 
Essays, ii. 400 etc.), there is discordance among the different Hindu au- 
thorities upon this point. Aryabhatta agrees with the Sirya-Siddhanta 
throughout; Brahmagupta and Bhaskara make the epicycles only of 
Venus and Mars variable; Municvara, in the Siddh4nta-Sarvabhauma, 
regards all the epicycles as invariable. 
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19. p.236. Our suggestion of a possible derivation of the term yoga 
from the “sum” of the longitudes of the sun and moon is unquestion- 
ably erroneous. That term is to be understood here in the sense of 
“junction, conjunction,” and the conception upon which is founded its 
application to the periods in question is that of a conjunction (yoga) of 
the moon with the twenty-seven asterisms (nakshatra) in their order, or 
her successive continuance in their respective portions. Only the sys- 
tem is divorced from any actual connection with the asterisms ; for while 
the latter are stellar groups, having fixed positions in the heavens, they 
are here treated as if the twenty-seven-fold division of the ecliptic found- 
ed upon them had no natural limits, but was to be reckoned from the 
actual position of the sun at any given moment. 

According to Warren (Kala Sankalita, p. 74), the names of the twenty- 
seven yogas, as given by us on page 236, are also applied by the Hin- 
dus to the junction-stars (yogatérdé) of the asterisms (with the omission, 
of course, of Abhijit): for which see the notes to the eighth chapter. 
This fact we do not find noticed elsewhere; possibly the usage is a local 
one only. 

Of the twenty-eight yogas of the other system, to which the Sirya- 
Siddhanta makes no reference, the names are given by Colebrooke as 
follows : 


1, Ananda. 10, Mudgara. 19. Siddhi. 

. Kaladanda. 11, Chattra. 20, Gubha. 

. Dhimra. 12, Méitra. ~ 21. Amrta. 

. Prajapati. 13, Manasa. 22, Musala. 
Saumya. 14, Padma. 23, Gada. 

. Dhvanksha, 15. Lambaka. 24. Matanga. 
Dhvaja. 16, Utpata. 25. Rakshasa. 
. Orivatsa. 17. Mrtyu. 26, Cara, ° 

. Vajra. 18, Kana. 27. Sthira. 

28, Pravardha. 

Colebrooke says farther: “The foregoing list is extracted from the 
Ratnamala of Cripati. He adds the rule by which the yogas are reg- 
ulated. On a Sunday, the nakshatras answer to the yogas in their 
natural order; viz. Agvini to Ananda, Bharani to KAladanda, etc. But, 
on a Monday, the first yoga (Ananda) corresponds to Mrgaciras, the 
second to Ardra, and so forth. On a Tuesday, the nakshatra which 
answers to the first yoga is Acleshi; on Wednesday, Hasta; on Thurs- 
ier on Friday, Uttara-Ashadh&; and on Saturday, Cata- 
bhishaj. 

This is by no means a clear and sufficient explanation of the charac- 
ter and use of the system, yet we seem to see distinctly from it that this, 
no less than the other system, is cut off from any actual connection with 
the twenty-eight asterisms, since the succession of the yogas is made to 
depend upon the day of the week, while the week stands in no constant 
and definable relation to the motion of the moon. 


20. p.246. In stating that the Sarya-Siddhanta furnished no hint of 
the precession excepting in this passage, we failed to notice that in one 
other place, namely in connection with the rules for finding the time 
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when the declinations of the sun and moon are equal (xi. 6), the pre- 
cession is distinctly ordered to be calculated, and in terms which con- 
tain an evident reference to those in which the fact of the precession is 
here stated. The exception, however, is one which goes to prove, rather 
than overthrow, the general rule: the process in which we are for once 
favored with explicit directions upon the point in question is the one of 
all others in the work the most trivial, and the chapter which contains it 
furnishes, as pointed out by us in the notes, good reason to suspect late 
alterations and interpolations. We do not, then, regard the statement 
made in our note as requiring to be either retracted or seriously modi- 
fied. Nor do we, although fully appreciating the difficulty of assuming 
that the original elaborators of the general Hindu system can have been 
ignorant of, or ignored, the precession, regret the force and distinctness 
with which we have stated the circumstances which appear to favor that 
assumption. Whether it be true or false, there is much in connection 
with the subject which is strange, and demands explanation: and that 
can only be satisfactorily given when there shall have been attained a 
more thorough comprehension of the early history and the varying forms 
of the science in India. 


24. p. 258. The commentary frequently styles the sine of altitude 
mahdcanku, “great gnomon,” to distinguish it from the ganku, “ gno- 
? 


mon.’ 


22. p. 275. Our statement that the Sirya-Siddhanta employs only 
the term graha to designate the planets requires a slight modification. 
In one instance (ii. 69) they are called khacdérin, and in one other (ix. 9) 
khacara, both words signifying “ moving in the ether” (see xii. 23, 81). 


23. p. 282. This use of the word prdct, “east, east point,” appears 
to be taken from the projections of eclipses, as directed to be drawn in 
the sixth chapter. Thus, in the figure there given (Fig. 27, p. 301), 
E M and v M represent the directions of the equater and ecliptic with 
reference to one another at the moment of first contact, and E and v 
are the east-points (practi) of those lines respectively: the are Ev, or 
the “interval of the two east-points,” is the measure of the angle which 
the two lines make with one another at the given time. 


24. p. 285. As promised above, we present here, by way of appen- 
dix to the fourth chapter of our translation and notes, a 


CALCULATION, ACCORDING TO THE Data anp Meruops or THE Sérya- 
SmwpHAnta, oF THE Lunar Ecuipse or Fesruary 67H, 1860, 


FOR THE LATITUDE AND LONGITUDE OF WASHINGTON. 


Bailly, in his work on the Hindu astronomy (p. 355 etc.), presents 
several calculations of eclipses by Hindu methods, namely of the lunar 
eclipse of July 29th, 1730, of the lunar eclipse of June 17th, 1704, and 
of the solar eclipse of Nov. 29th, 1704. But, owing to his imperfect 
comprehension of the character and meaning of many of the processes, 
and owing to his incessant use of Hindu terms in the most barbarous 
transcriptions, without explanations, his intended illustrations are only 
with difficulty intelligible, and are exceedingly irksome to study. Davis, 
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in his first valuable article in the Asiatic Researches (ii. 278 etc.), has 
also furnished a calculation of a lunar eclipse, as made by native astron- 
omers, comparing their results, obtained by several different methods, 
with the actual elements of the eclipse, as given by the Nautical Alma- 
nac. As it seemed desirable to give a like practical illustration of the 
Hindu methods of calculation, in connection with this fuller exposition 
of their foundation and meaning, and by way of an additional test of the 
accuracy of the results which the system is in condition to furnish, we 
have selected for the purpose the partial eclipse of the moon which oc- 
curred on the evening of Feb. 6th, 1860. Our calculations are made 
according to the elements of our text alone, without adding, like Davis, 
the correction of the déja, since our object is to illustrate the text itself, 
and not the modern system as altered from it. The course of the suc- 
cessive steps of our processes may not everywhere strictly accord with 
that which would be pursued by a native astronomer, as we take the 
rules of the text and apply them according to our own conception of 
their connection. 

We omit the preliminary tentative processes, and conceive ourselves 
to have ascertained that, at the time of full moon in the month Magha, 
I. A. 4961 (see page 174), or samvat 1917 (see add. note 12), the moon 
will be eclipsed. 

I. To find the sum of days (ahargana, dinardgi) for mean midnight 
next preceding full moon. 

The sixth day of February, 1860, being the day of full moon (péirni- 
mé), is the fifteenth day of the first, or light, half of the lunar month 
Magha, the eleventh month of the year, as is shown by the table on 

e174. The time, then, for yhich we are to find the sum of days, is 
4960Y 10™ 144, reckoning (i. 56) only from the commencement of the 
Iron Age. For this period the sum of days, as found by the processes 
already sufficiently illustrated in the notes to i. 48-51, is 1,811,981 days. 

II. To find the mean longitude of the sun and moon, and of the. 
moon’s apsis. 

The proportions (i. 53) 

4,320,000 : 49607e¥ gs 23° 17! 1/7 
1,577,917,828 : 1,811,981 | 57,753,336 : 66,320rev 38 9° 44’ 19/’ 
488,203: 561Tev 18 13° 43’ 1°’ 


give us—rejecting whole revolutions, and deducting 3* from the motion 
of the moon’s apsis, for its. position at the epoch (see note to i. 56-58)— 
the mean longitudes required. These are for the time of mean midnight 
at Ujjayini: to find them for mean midnight at Washington, which is 
distant from Ujjayini 16719.28, upon a parallel of latitude 3936y.75 in 
circumference (note to i. 63-65), we add to the position of each 4$24:#8 
or .42453 of its mean motion during a sidereal day. This correction is 
styled the degdntaraphala, We have, then, 


Long. at Ujjay. Correction. Long. at Wash’n. 
Sun, ge23° 17? hh 25’ ot = gs 23° 42’ 3 
Moon, 3s 9° 44/19 + 5°34’ 43 = 30159 19/ 2! 
Moon’s apsis, 108 13° 43! 1/7 2’ 50’ = 108 13° 45/51" 
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The place of the sun’s apsis remains as already found for Jan. 1st 
(note to ii. 39) : 


Longitude of sun’s apsis, as 17° 17’ 24/" 


In applying here the correction for difference of meridian, as well as 
in all other processes of the whole calculation into which the amounts 
of motion of the planets etc. during fractions of a day enter as elements, 
we have derived those amounts from the motions during a sidereal day, 
and not, as in the illustrative processes of our notes, during a mean so- 
lar day. The divisions of the day given in the text (i. 11-12) are dis- 
tinctly stated to be those of sidereal time, and all the rules of the treat- 
ise are constructed accordingly (see, for instance, ii. 59). It is evident, 
then, that in making any proportion in which is involved the amount of 
motion during 60 nadis, that amount is to be regarded as the motion 
during a sidereal day only. In overlooking in our notes the difference 
between the two, we have followed the example of all the illustrations of 
Hindu methods of calculation known to us. The difference is, indeed, 
in a Hindu process, of very small account; but we have preferred, in 
making this calculation, to follow what we conceive to be the exacter 
method. The mean motions during a sidereal day of the bodies con- 
scerned in a lunar eclipse are as follows : 


Sun, 58’ 58’? aB/fl 55r007 
Moon, 13° 8! 25"? on!" gyttre 
Moon’s apsis, . 6! 39/7 53/7 yr 
Moon’s node, 3’ 10!" 13//" ag/"" 


III. To find the true longitudes and motions of the sun and moon: 
1. To find the sun’s true longitude (note to ii. 39): 


Longitude of sun’s apsis, 28 17° 17! 24/" 

deduct sun’s mean longitude (ii. 29), g® 23° 42’ 3” 
Sun’s mean anomaly (kendra), 4® 23° 35/ ar”’ 
Arc determining the sine (bhuja—ii. 30), 36° 25/ 
Sine of sun’s mean anomaly ‘bhujajyd), 2040! 
Corrected epicycle (ii. 38), 13° 48 
Equation (bhujajydphala—ii. 39), + 1° 18/ 

add to sun’s mean longitude, © g# 23° 42! 


Sun’s true longitude, ; g® 25° of 





2. To find the moon’s true longitude (note to ii. $9) : 


Longitude of moon’s apsis, 10s 13° 45! 51’ 
deduct moon’s mean longitude, 38 15° 19/ a? 





Moon’s mean anomaly, 6# 28° 26’ 49’ 
Arc determining the sine, 28° 27 
Sine of moon's mean anomaly, 1637’ 
Corrected epicycle, 31° 50’ 
Equation, — 2025/7 
deduct from moon’s mean longitude, 38 25° 19/ 


Moon’s true longitude, 38 12° 54’ 
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3. To find the sun’s true rate of motion (ii. 48-49): 


Sun’s mean motion in 60 nddis, 58’ 58” 
Sine of sun’s mean anomaly, 2040! 
Difference of sines, 183/ 
Daily increase of sine of anomaly, ‘47! 58" 
Equation of motion, + :. tie 
add to sun’s mean motion, 58! 58’ 


Sun’s true motion, - Go! 48 
4, To find the moon’s true rate of motion (ii. 47-49) : 


Moon’s mean motion in 60 nddis, 788/ 25/' 
deduct motion of apsis (ii. 47), 6’ 4o"’ 


Daily increase of moon’s mean anomaly, 781! 45! 
Sine of moon’s mean anomaly, 1637’ 
Difference of sines, 199’ 
Daily increase of sine of anomaly, 691’ 25/ 
Equation of motion, + 61’ 8” 
add to moon’s mean motion, , 788! 25/’ 


Moon’s true motion, 849’ 33”’ 


IV. To find the interval between the given instant of midnight and 
the end of the half-month, or the moment of opposition in longitude of 
the sun and moon, which is the middle of the eclipse. 

At the instant of mean midnight preceding full moon, we have found 
the true longitudes of the sun and moon, and their distance in longitude, 
to be as follows: . 


Sun’s true longitude, g® 25° of 
Moon’s do., 38 12° 54’ 


Distance in longitude, 68 12° 6! 


Hence we see that the moon has still 12° 6’ to gain upon the sun. We 
have also found their true rates of motion, and the difference of those 
rates, to be as follows: 


Moon’s true motion, 849 33’ 
Sun’s do., 60! 48’ 
Moon’s daily gain, "788" 45!" 


Now we make the proportion: if the moon in 60 nddis gains upon 
the sun 788’ 45”, in how many nAdis will she gain her present distance 
in longitude from the sun? or 

788’ 45’' : Gon: : 726’ ; 55n 13v 3p 

It thus appears that the time of opposition is 55" 13% 3? after mean 
midnight of Feb. 5-6. This result, however, requires correction, for 
the moon’s motion has become sensibly accelerated during so long an 
interval, and we find, upon calculation, that she is then 2/ past the point 
of opposition. A repetition of the same process shows that it is neces- 
sary to deduct 10¥ 3P from the time stated. Then, at 55" 8Y after mean 
midnight, we have as follows: 
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Sun’s mean longitude, 9 24° 36’ 
Equation of place, + 1° 20/ 
Sun’s true longitude, ge 25° 56’ 
Moon’s mean longitude, 38 27° 29/ 
Longitude of apsis, 108 13° 52’ 
Equation of moon’s place, —1° 26/ 
Moon’s true longitude, 3a. 25° 56’ 


By the same process as before, the true motions of the two planets 
at the moment of opposition are found to be: 


Sun’s true motion, 60’ 48" 
Moon’s’ do. 854’ 36/" 


It would have been better to adopt, as the starting-point of our cal- 
culations, the mean midnight following, instead of that preceding, the 
opposition of the sun and moon, because in that case, the interval to 
the moment of opposition being so much less, it might have been found 
by a single process, not requiring farther correction. The same change 
would have enabled us to follow strictly the rule given in ii. 66 for find- 
ing the end of the lunar day ; which rule we were obliged above to ap- 
ply in a somewhat modified form, because a little more than one whole 
lunar day was found to intervene between the given midnight and the 
moment of opposition. 

V. To determine the instant of local time corresponding to the mid- 
dle of the eclipse. 

What we have thus far found is the interval between mean midnight 
and the moment of opposition. But since Hindu time is practically 
reckoned from true sunrise to true sunrise, we have now, in order to de- 
termine at what time the eclipse will take place, to ascertain the inter- 
val between mean midnight and true sunrise. 

In order to this, we require first to know the equation of time, or the 
difference between mean midnight and true or apparent midnight, which 
is the moment when the sun actually crosses the inferior meridian. As 
concerns this correction, we have deviated somewhat from the method 
contemplated by the text. It is there prescribed (ii, 46) that, so soon 
as the sun’s equation of the centre has been determined, there should 
at once be calculated from it, and applied to the longitude of the two 
planets, a correction representing, in terms of their motion, the equation 
of time; so that the distance of the moment of opposition from mean 
midnight does not directly enter into account at all. We have preferred 
to follow the course we have taken, in order to bring out and illustrate 
more fully the utter inadequacy of the prescribed method of making al- 
lowance for the equation of time, to which we have already briefly re- 
ferred in the note to ii. 46. The method in question is virtually as fol- 
lows: the sun being found at the given midnight to be 1° 18’, or 78’, 
in advance of his mean place, the equation of time may be ascertained 
by this proportion: as a whole circle is to a sidereal day, so is the sun’s 
equation of place to the time by which his true transit will precede or 
follow his mean transit ; or, in the present case, 

21,600’ : 6on : : 78’ : on 13Vv 
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which gives us 18 vinddis, or 54 minutes, as the value of the equation. 
But this is assuming that the sun’s motion takes place along the equator, 
instead of along the ecliptic, which is so grossly and palpably erroneous 
that we wonder how the Hindus could have tolerated a process which 
implied it. Their own methods furnish the means of making a vastly 
more correct determination of the equation in question. The mean lon- 
gitude of the sun at the given midnight is—after adding to it the amount 
of the precession, as determined farther on—10* 14° 7’: hence, if the 
sun were 108% 14° 7 distant upon the equator from the vernal equinox, 
or if he had that amount of right ascension, mean and true midnight 
would coincide. But he is actually at 10% 15° 25’ of longitude. If, 
then, we ascertain what point on the equator will pass the meridian at 
the same time with that point of the ecliptic, its distance from the sun’s 
mean place in right ascension will be the equation of time required. 
This may be accomplished as follows. The sun is in the eleventh sign, 
of which the equivalent in right ascension (iii. 42-45) is 1795P: his 
distance from its commencement is 15° 25/, or 925’. Hence the pro- 
portion (ii. 46) 
1800’ : 1795p: : 925’ : g22P 

gives us 922? as the ascensional equivalent of the part of the eleventh 
sign traversed by the sun (bhuktdsavas). Now add together the 


Ascensional equivalents of three quadrants, 16,200P 
do. of the tenth sign, 1,935P 
do. of the part of the eleventh sign traversed, 922P 

their sum is 19,057P 


which is equal to 108 17° 37’; this, then, is the sun’s true right ascen- 
sion. The difference between it and his mean righit ascension, 108 14° 7’, 
is 3° 30’, of which the equivalent in sidereal time is 210? or 35¥, or 14 
minutes, This, which is more than two and a half times as much as 
the value formerly found for the equation, is quite nearly correct; its 
actual amount for Feb. 6th being given by the Nautical Almanac as 
14™ 208, 

There is not, among all the processes taught in the Sdrya-Siddhanta, 
another one of so inexcusably bungling a character as this, while the 
means lay so ready at hand for making it tolerably exact. 

In going on to calculate the local time of the eclipse, we shall adopt 
the valuation of the equation of time given by the Hindu method, or 
13¥, but we shall reserve the distance of the phases of the eclipse from 
midnight, free from this constant error of about 10™, for final compari- 
son with the like data given by our modern tables. 

To find the local time, we must first ascertain (ii. 59) the length of 
the sun’s day, from midnight to midnight, and in order to this we need 
to know in what sign the sun is. Hence we require 

1. To determine the amount of precession for the given date, 

By iii. 9-12, the proportion 


1,577,917,8284 ; Goorev : : 1,811,981 : orev 88 8° 2/ 14/6 
gives us 248° 2’ 14.6 as the part of a revolution accomplished by the 
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movable point. Of this, the part determining the sine is 68° 2/ 14”.6. 
Then the farther proportion 

10: 3:: 68° 2’ 14/6: 20° 24! 44!" 
gives us 20° 24’ 44” as the amount of the precession. Now, then, to 


the 
Sun’s true longitude, gs 25° 56’ 
add the precession, _ 20° 25/ 


Sun’s distance from vernal equinox, 108 16° a1’ 


This quantity is often called séyana sérya ; that is to say, “the sun’s 
longitude with the precession (ayana) added.” 

The sun is accordingly in the eleventh sign, of which the ascensional 
equivalent is 1795P. His daily motion has been found to be 60’ 48”. 
Hence the proportion (ii. 59) 

1800’ : 1795p : : 60’ 48’: 6op.64 
gives us 61P, or 10V 1?, as the excess of. the sun’s day over a true side- 
real day of 60 nadis: its length is accordingly 60" 10V 1”, or 21,661?. 

Next we desire to know how much of this day passed between mid- 
night and sunrise, and for this purpose we have 

2. To find the sun’s ascensional difference (cara). 

a. To ascertain the sun’s declination, and its sine and versed sine. 


The sun’s longitude, with precession added (sdyana sirya), 108 16° 21/ 
Arc determining the sine (bhuja), 43° 39! 
Sine, 2372’ 
Now, then, the proportion (ii. 28) 
3438’ : 1397’ : : 2372’: 964’ 
gives us 964’ as the sine of declination (krdntijyd); the corresponding 
arc (ii. 33) is 16° 17'S; its versed sine (ii. 31-32) is 139/. 
b. To find the radius of the sun’s diurnal circle (ii. 60). 


From radius, 3438! 
deduct versed sine of declination, 139! 


Radius of diurnal circle (dinavydsadala, dywjy@), 3299 


c. To find the earth-sine (ii. 61). 
The measure of the equinoctial shadow at Washington is (see note to 
ii. 61-63) 94.68. The proportion, then, 
rad ; 94,68 : : 964’ : : 778’ 
shows the value of the earth-sine (kshitijyd, kujyd) to be 778’. 
d. To find the sun’s ascensional difference (ii. 61-62). 
The proportion 
3299! : 3438’ : : 778’: 811’ 
gives the sine of ascensional difference (carajyd), which is 811’. The 
corresponding are, or the sun’s ascensional difference (cara, caradala), is 
13° 39’, or 819?. 
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8. To find the time from midnight to sunrise. 

The sun’s declination being south, the ascensional difference is to be 
added (ii. 62-63) to the quarter of the sun’s complete day, to give the 
length of the half-night. That is to say, 





Quarter of sun’s complete day (21,661p ~ 4), 5,415p 
Sun’s ascensional difference, 819p 
Sun’s half-night, 6,234p 


The interval between true midnight and true sunrise is therefore 
6,234?, or 172 19%. That from sunrise till noon (a quantity required in 
later processes) is found in like manner by subtracting the ascensional 
difference from the quarter-day: it is 4596?. 

Now then, finally, 





Time of opposition, reckoned from mean midnight, 55n 3v 
deduct equation of time, 13V 

do. reckoned from true midnight, 540 5ov 
deduct interval till sunrise, 172 19¥ 

do. reckoned from sunrise, 37 31v 


The time at which the opposition of the sun and moon in longitude 
takes place, or the middle of the eclipse, is accordingly, by civil reckon- 
ing at Washington, 37" 31¥, 

VI. To determine the diameters of the sun, moon, and shadow. 

1. To find the sun’s apparent diameter. 

The sun’s mean motion in a sidereal day being 58’ 58”, his true mo- 
tion at the time of the eclipse being 60/ 48”, and his mean diameter 
6500 yojanas, we find, by the proportion (iv. 2) 

58’ 58’’ : 60’ 48’ : : 6500y : 6702.81 


that the sun covers of his mean orbit, at the time of the eclipse, 6702.81 
yojanas. This is reduced to its value upon the moon’s mean orbit by 
the proportion (iv. 2) 

57,753,336 : 4,320,000 : : 6702.81 : 5019.37 


And upon dividing the result, 501.37 yojanas, by 15 (iv. 3), we find the 
sun’s apparent diameter to be 33/ 25”. 

2. To find the moon’s apparent diameter. 

In like manner as before, the proportion (iv. 2) 

788! 25’ : 854’ 36 :: 480Y : 5209.3 

shows us that the moon’s corrected diameter is 520.3 yojanas. This also, 
divided by 15 (iv. 3), gives the value of the moon’s apparent diameter in 
arc: it is 34/ 41”. 

3. To find the diameter of the earth’s shadow. 

The following proportion (iv. 4), 

788! 25’ : 854! 36’: : 1600¥ : 1734y.3 


determines the value of the earth’s corrected diameter (séict) to be 1734.3 


yojanas. 
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Again, from the 
Sun’s corrected diameter, 6702y.81 
deduct the earth’s diameter (iv. 4), 1600 


remains 5102y,81 


and this femainder, when reduced by the following proportion (iv. 5), 
6500y : 48o0y : : 51o2y.81 : 376y.8 


gives us the excess of the earth’s corrected diameter (séct) over the di- 
ameter of the shadow on the moon’s mean orbit. Hence, from the 


Earth’s corrected diameter, 1734y.3 
deduct last result, 376y.8 
Diameter of shadow, 1357.5 
divide by 15 
Diameter of shadow in arc, go’ 30’’ 
VII. To determine the moon’s latitude at the middle of the eclipse, 
and the amount of greatest obscuration. 
The proportion (i. 53) 
1,577,917,828 : 232,238 : : 1,811,981 : 266rev 8s 7° 28/ 25/” 
gives us the amount of retrograde motion of the moon’s node since the 
commencement of the Iron Age. Deducting from this 6%, for the posi- 
tion of the node at that time (note to i. 56-58), and taking the comple- 
ment to a whole circle, we have 
Longitude of moon’s node, mean midnight, at Ujj., gs 22° 31/ 35” 
deduct for difference of meridian, x! ax!” 
Longitude of moon’s node, mean midnight, at Wash’n, 98 22° 30! 14/’ 
deduct motion during 55" 3v, - gf 55" 
Longitude of moon’s node at moment of opposition, gs 22° 27! 19! 
subtract from moon’s longitude (ii. 57), 38 25° 56’ 
Moon’s distance from node, 68 3° 29/ 
Arc determining the sine (bhuja), 3° 29/ 
Sine, 209 
Hence the proportion 





3438’ : 270’ :: 209’: 16’ 25’ 
gives us, as the moon’s latitude at the moment of opposition, 16’ 25” S. 
Now, then, by iv. 10-11, 

Semi-diameter of eclipsed body (34’ 41/’— 2), 17! 22!" 

do. of eclipsing body (90’ 30’’~~ 2), 45! 15" 

their sum, 62! 37! 
deduct moon’s latitude, 16! 25!" 
Amount of greatest obscuration (grdsa), 46/ 12! 


and since this amount is greater than the diameter of the eclipsed body, 
it is evident that the eclipse is a total one. 
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This is a most unfortunate result for the Hindu calculation to yield; 
for, in point of fact, the eclipse in question is only a partial one, obscur- 
ing about four-fifths of the diameter of the moon’s disk. The source of 
the error lies mainly in the misplacement, relatively to the sun and moon, 
of the moon’s node, and the consequent false value found for the moon’s 
latitude. The latter quantity actually amounts, at the time of opposi- 
tion, to 35’ 42”, or more than twice the value given it by the Hindu 
processes. And it will be seen, on referring to the table on p. 188, that 
the relative error in the place of the moon’s node, having been accumu- 
lating for seven centuries, is now about 34°, and so reduces, by more 
than half, the true distance of the moon from her node. We have tried 
whether the admission of the correction of the bija would better the re- 
sult, but that is not the case: the error of position is still (see the table) 
nearly 2°, and the moon’s latitude is increased only to 24’ 11”’, so that 
the eclipse still appears to be total. It is evidently high time that anew 
correction of bija be applied by the Hindu astronomers to their elements, 
at least to such as enter into the calculation of eclipses. 

VIIL. To find the duration of the eclipse, and of total obscuration, 
and the times of contact, immersion, emergence, and separation. 


Diameter of the eclipsing body, the shadow, go’ 30/’ go’ 30/” 
do. eclipsed body, the moon, 34’ 41"" 34’ 41" 


Sum and difference, 125’ 11°" 55” 4o"" 
Half-sum and half-difference (C M and CN, Fig. 21,p.277), 62’ 35’’ s/ 
Squares of do., 3919! 724! 
deduct square of latitude, 269’ 269’ 
remain, 3650’ 455! 
Square roots of remainders (C A and CB), 60’ 25 = — at’ 19!" 








In order to reduce these quantities to time, we need first to ascertain 
the difference of the true daily motions of the sun and moon at the 
given moment: 


Moon’s true daily motion, 854’ 36’’ 
Sun’s do., 60! 48’ 


Moon’s gain in a day, 793’ 48" 


Hence the proportions (iv. 13) 
pen... § 60! 25": da 34v 
793’ 48"" : Gon : : { a1! 19/7: 1 36¥ 4P 


give us the half-duration of the eclipse as 4" 34’, and the half-time of 
total obscuration as 1 36¥ 4?, supposing the moon’s latitude to remain 
constant through the whole continuance of the eclipse. We now pro- 
ceed to correct these results for the moon’s motion in latitude. And 
first, as regards the half-duration. We calculate the amount of motion 
of the moon and of her node during the mean half-duration by the fol- 
lowing proportions (iv. 14) : 

6on : 854’ 36’: : 4n 34v: 1° 5! 2/7 

6on: 3/10//;; 40 34V; 14" 
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Farther, 


To and from moon’s long. at opposition, 38 25° 56’ 38 25° 56’ 
add and subtract motion during half-duration, yoy. ae 





Moon’s long. at end and beginning of eclipse, 3% 27° 1/ 38 24° 51’ 
From and to long. of node at opposition, 98 22° 27! 21! 9 gs 22° 297! a1!’ 
subtract and add motion during half-duration, 14"" 14/' 





Long. of node at end and beginning of eclipse, 9% 22° 27’ g® 22° 28/ 
Moon’s distance from node, 68 4° 34’ 63 2° 23/ 
Arc determining sine, 4° 34’ 2° 33 
Sine, 274! 143’ 
Moon’s latitude at end and beginning of eclipse, a1’ 31/8, 11/ 148. 


From these valuations of the latitude we now proceed to calculate 
anew, in the same manner as before, the half-durations, as follows : 


Square of half-sum of diameters, 3919’ 3919’ 
deduct squares of latitude, 463’ 126’ 
remain, 3456’ 3793! 

Square roots of remainders, 58’ 47’" 61’ 35” 


And the proportions 


58’ 47/’: 4n 26¥ 3p 
61’ 35/” ; 4n 39v op 


give us the corrected values of the intervals between opposition and con- 
tact and separation respectively, or the former and latter half-durations, 
as 42 39V 2P. and 4” 26¥ 3P, 

The text contemplates the repetition of this corrective process, if still 
greater accuracy be required in the results attained : we have not thought 
it worth while to carry the calculation any farther, as a second correc- 
tion would be of altogether insignificant amount. 

By a like process, the former and latter half-times of total obscura- 
tion, and the moon’s latitude at immersion and emergence, are found to 
be as follows: 


793’ 48’ ; Gon :: i 


Moon’s latitude at immersion and emergence, 14! 36’ 18/ 13/” 
Half-times of total obscuration, 12 4av 3p 12 29v 4p 


By adding the two halves we obtain 


Duration of the eclipse (sthiti), gn 5v 5p 
do. _ of total obscuration (vimarda), 3m 12v 1P 


And by subtracting and adding the half-times of duration and of 
total obscuration from and to the time of opposition (iv. 16-17), we 
obtain the following scheme for the successive phases of the eclipse : 


Time of occurrence : 
Phase, after mean midnight, after sunrise. 


First contact, 5on 23y 4P 3an 51v 4p 
Immersion, 53n 20% 3P 35n 48v 3p 
Middle of eclipse, 55n 3v op 370 31v op 
Emergence, 56n 32v 4p 3gn ov 4p 
Last contact, 5gn 29V 3p 418 57 35 
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The proper calculation of the eclipse is now completed. If, however, 
we desire to project it, we have still to determine the valana, or deflec- 
tion of the ecliptic from an east and west line, for its different phases, 
as also the scale of projection. We will therefore proceed to calculate 
them, deferring to the end of the whole process any comparison of the 
results we have obtained with those given by modern astronomical 
science. 

IX. To calculate the deflection of the ecliptic from an east and west 
line (valana) for the middle, beginning, and end of the eclipse. 

1. For the middle of the eclipse. 

a. To find the length of the moon’s day and night respectively at the 
given time. 

Moon’s longitude at opposition, 38 25° 56’ 
Precession, 20° 25! 
Moon’s distance from vernal equinox, 48 16° a1’ 
Arc determining sine, 43° 39/ 
Sine, 2372! 
The moon’s declination is then found by the following proportion 
(ii. 28) : 
3438’ : 1397’ :: 2372’ ; 964’ =sin 16° 17’ 
Now, from 
Moon’s declination 16° 17’ N, 
deduct her latitude (ii. 58), 16’ 8. 


Moon’s true declination, 36> a‘ RR, 

Sine of do., 948’ 

Versed sine of do., 135’ 
deduct from radius (ii. 60), 3438’ 


Moon’s day-radius, 3303’ 


Again, to find the earth-sine, we say (ii. 61), 
12d; 94.68 : : 948’ : 765’ = earth-sine. 
and to find the ascensional difference (ii. 61-62), 
3303’ : 3438’ : : 765’ : 796’ =sin 13° 24’ or 804’, 
The excess of the moon’s complete revolution over a sidereal day is found 
by the proportion (ii. 59) 
1800! : 1795P : : 849’ 33’ : 848P 
Adding this to a sidereal day, or 21,600?, we find that the moon’s day 
is of 22,448", of which one quarter is 5612. Increase and diminish 
this by the moon’s ascensional difference (ii. 62), and the half-day and 
half-night are found to be 6416p and 4808p respectively. 

All this laborious process of ascertaining the length of the moon’s 
half-day, or the time which, with the given deélination, she would oc- 
cupy in rising from the horizon to the meridian, is rendered necessary 
by the correction which the commentary applies to the rule of the text 
in which the moon’s hour-angle is involved, as pointed out in the note 
to iv. 24-25 (p. 284, above). We now proceed 
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b. To find the hour-angle, and the corrected hour-angle. 
At the moment of opposition, the moon’s hour-angle is evidently the 
same with that of the sun. Hence it may be found as follows: 


Time of opposition reckoned from sunrise, 37" 31%, or 13,506P 
deduct the whole day, 9,192P 


remains 4,314P 
deduct from the half-night, 6,235P 


Sun’s distance in time from inferior meridian, 1,921P 


The moon’s distance eastward from the upper meridian is accordingly 
1921”. This is corrected, or reduced to its proportional value as a part 
of the moon’s are of revolution from the horizon to the meridian, by the 
following proportion: 


6416P : 90° :: 1921p: 26° 57’ 
The moon’s corrected hour-angle, then, is 26° 57’ : its sine is 1557’. 
c. To determine the amount of deflection for latitude (valandngds, or 
dksha valana—iv. 24). 
The sine of the latitude of Washington, 38° 54’, is 2158’. Hence 
the proportion 
3438’: 4557" : : 2158’ : 97’==ain 16° 31’ 
gives us 16° 31’ as the value of the quantity sought. The moon being 
in the eastern hemisphere, it is to be reckoned as north in direction. 
d. To determine the amount of deflection for ecliptic-deviation (4yana 
valana—iv. 25). 
Moon’s distance from vernal equinox, 48 16° 21° 
add a quadrant, 3s 
their sum, 78 16° ar! 
arc determining sine, 46° 21’ 
sine, 2486! 
Hence, by ii. 28, the proportion 
3438’ ; 1397! : : 2486’: 1010’ =sin 17° 6/ 
gives us 17° 6 as the amount of declinatioh of the point of the ecliptic 
which is a quadrant in advance of the moon, and this is the deflection 
required. Its direction is south. We are now ready for the final process. 
e. To ascertain the net amount of deflection (valana), in digits. 


From the ecliptic-deflection, 17° 68. 
deduct the deflection for latitude, 16° 31’N. 


remains the net deflection, in arc, 35’'8. 
divide (iv. 25) by 70 


Deflection in digits, ~~ o50 §, 


It thus appears that, at the moment of opposition, the part of the 
ecliptic in which the moon is situated very nearly coincides in direction 
with an east and west circle. The amount of deflection is so small that 

VOL, VI. 57 












446 E. Burgess, etc., [iv. 





in our projection, given in connection with the sixth chapter, we were 
obliged to exaggerate it somewhat, in order to make it perceptible. 

2. For the beginning of the eclipse. 

As, owing to the moon’s motion in latitude and longitude, her decli- 
nation, and so also her ascensional difference, are not precisely the same 
at the beginning and end of the eclipse as at the moment of opposition, 
we ought in strictness to repeat the first part of the preceding calcula- 
tion, determining anew the length of the moon’s half-day, as it would 
be if she made her whole revolution about the earth with those declina- 
tions respectively, This we take the liberty of omitting to do, as the 
modification thus introduced into the process would be of very small im- 
portance. 

a. To find the moon’s corrected hour-angle. 

And first, for the sun’s hour-angle : 





























Time of first contact, reckoned from sunrise, 320 51v 4P, or 11,830P 
deduct the whole day, 9,192P 
| i remain 2,638P 

ih deduct from the half-night, 6,235P 
i Sun’s distance in time from inferior meridian, 3,597P 






This, then, is the hour-angle of the centre of the shadow at the time 
of contact, The distance of the centre of the moon in longitude from 
that of the shadow was found above (under VIII) to be 61’ 35”. This 
is reduced to its value in right ascension by the proportion 


1800’: 1795p: : 61’ 35’” : 61P.4 












Now, then, 
from the hour-angle of the shadow, 3,597P 
deduct the difference of the moon’s right ascension, 61P 
Moon's hour-angle at beginning of eclipse, 3,536P 






This is virtually an application of the process taught in iii. 50. 
The moon’s hour-angle is now corrected, as before, by the proportion 
6416p : go° : : 3536p : 49° 36’ 
The sine of 49° 36’ is 2617’. 
b. To find the deflection for latitude. 
The proportion 
3438’ : 2158’ : : 2617’ : 1643’ = sin 28° 34’ 
gives us the deflection for latitude as 28° 34’, which is north, as before. 
c. To find the ecliptic-deflection. 
























Moon's distance from vernal equinox at opposition, 48 16° a1’ 
deduct motion during 49 39v ap, 1° 6/ 
do. at time of contact, 4s 15° 15! 
add a quadrant, 3s 
sum, 7 15° 15! 
arc determining sine, 45° 15! 





2441° 


sine, 
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Next, the proportion 
3438’ : 1397’ : : 2441’ : 992’ = sin 16° 47’ 


shows us that the ecliptic-deflection is 16° 47’; it is, as in the former 


case, south, 
d. To find the deflection, in digits. 


From the deflection for latitude, 28° 34’ N. 
deduct the ecliptic-deflection, 16° 47’ S. 


remains the net deflection, in arc, 11° 47’ B. 
its sine is 702! 
divide by 70 


Deflection, in digits, 104,03 N. 


3. For the end of the eclipse. 
Of this process, which is throughout closely analogous to the last, we 
shall present only a brief statement of the results. 


Hour-angle of the centre of the shadow, 322P E. 
Distance of the centre of the moon in right ascension, 59? E. 
Moon’s hour angle, 381Pp E. 
do. corrected, 5° 20/ 
Sine, 320! 
Deflection for latitude, 3° on’ M. 
Moon’s distance from vernal equinox + 3s, 78 17° 24! 
Arc determining sine, 47° 24° 
Sine, 2530’ 
Ecliptic-deflection, 17° 24'S. 
Net deflection, in are, 14° 3°89. 
do. in digits, 114,93 §. 


The mode of application of these quantities in making a pete 


of an eclipse is sufficiently explained in the notes to the sixth chapter, 
and illustrated by the figure there given, which is adapted to the condi- 
tions of the eclipse here calculated. All the quantities entering into the 
projection, however, of which the value has been stated in minutes, re- 
quire also to be reduced to digits, according to a scale determined by the 
following process. 
X. To determine the scale of projection of the disks and latitudes 
iv. 26). 
Thie process we will perform only for the moment of opposition, or 
for the middle of the eclipse. At this time, as has been seen above, we 
have 
Moon’s half-day, 6416p 
do. _hour-angle (nata), 1921P 


do. altitude in time (unnata), 4495P 
add 6416P x 3 19,248P 


the sum is 23,743P 
divide by 6,416p 


the quotient is 3.7 
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At the elevation, then, which the moon has when in opposition, 3’.7 
make a digit, and by this amount the values of the disk of the moon, 
the shadow, and the latitudes, are to be divided, in order to reduce them 
to a scale upon which they may be plotted. It is evident that, in strict- 
ness, the same calculation requires to be made also for the time of con- 
tact and the time of separation, or the time of any other phase of which 
the projection is to serve as an illustration: but it is evident also that 
this is wellnigh impracticable, since one projection could then be used 
to illustrate only a single phase, unless several different scales should 
be employed in the same figure. 

It now only remains for us to present a Comparison of the elements 
of the eclipse, as thus calculated, with their true values as determined 
by modern astronomical science. This is done in the annexed table. 
The true elements we take from the American Nautical Almanac for 
1860. In comparing the time of the middle of the eclipse, we take, as 
already mentioned, the value of it given by the Hindu process as calcu- 
lated from mean midnight. 


Sairya-Siddhanta. Am. Naut. Almanac. Hindu error. 
Time of opposition inlong., 96 57m 35sp.m. gh 27m 1088Pp.m. -++ 3omo4s 


Moon’s long. at opposition, 136° 21’ 137° 35’ 53/7 = 9 15! 
“ Tat. at ” 16’ 25’ 8. 35! 42.18. — 19/17!” 
“ hourly motion in long., 35’ 37’" 38’ o”’ 6 — 2! 24/" 
Semi-diameter of sun, 16’ 42!" 16/15/.2 0 a7! 
do. of moon, 17’ 20’ 16/42" 6 + 37” 
do. of shadow, 45! 15” 45’ 16’ _ hd 
Amount of obscuration, 1,33 0.812 ok 0.518 
Whole duration of eclipse, 3h 37m 448 ah 59m 243 + 45m 208 


25. p. 299. Our next note is a 


CaLcuLaTion, accorpine To Hinpv Data anp MeEtHops, oF THE 
Sotar Ecuipse or May 267u, 1854, 


FOR THE LATITUDE AND LONGITUDE OF WILLIAMS’ COLLEGE, WILLIAMSTOWN, MASS. 


As has been already mentioned in the closing note to the fifth chap- 
ter, the following calculation of a solar eclipse was mainly made for the 
translator, while in India, by his native assistant. Some additional cal- 
culations have been appended here by us, in order to render the whole 
process a more complete illustration of the rules as given in the text of 
our treatise ; and we have also had to reject and replace certain parts 
of the work actually done, on account of their inaccuracy. For the 
most part, we present the work as it was made, although involving some 
repetitions which might be regarded as superfluous, after the explana- 
tions and illustrations already given in the notes and in the preceding 
calculation of a lunar eclipse. The eclipse selected is the one calculated 
and delineated in Prof. James H. Coffin’s useful work, entitled “Solar 
and Lunar Eclipses familiarly illustrated and explained, with the method 
of calculating them, according to the theory of Astronomy as taught in 
New-England Colleges” (New York, 1845). 
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I. To find the sum of days (ahargana) from the commencement of 


the planetary motions to the time of calculation. 


The eclipse in question occurs at the close of the month Vaicdkha, 
the second month of the luni-solar year, in the 1777th year of the era 
of Calivahana (see add. note 12). To compute, then, the number of 
whole years, and to reduce them, with the remaining part of a year, to 


mean solar days, we proceed as follows : 


Sandhi at the beginning of the kalpa, 
Six manvantaras, 


Twenty-seven mahdyugas of the seventh Manu, 


deduct the time spent in creation, 


From creation to beginning of 28th mahdyuga, 
Krta yuga of 28th or current mahdyuga, 

Tretd yuga of ‘ 

Dvdpara yuga of 4 

Kali yuga, to era of Calivahana, 

Complete years elapsed of the era, 


From the creation to end of March, 1854, complete years, 
to reduce to solar months, multiply by 


Solar months, 
add month of current year elapsed, 


Whole number of solar months, 


1,728,000 
1,850,688,000 
116,640,000 
1,969,056,000 
17,064,000 








1,951,992,000 

1,728,000 

1,296,000 
864,000 

3,179 

1,776 
1,955,884,955 
12 
23,470,619,460 
I 


23,470,619,461 

















Now, to find the intercalary months, we make the proportion 
51,840,000 : 1,593,336 :: 23,470,619,461 : 721,384,701 


Then, to 


Solar months elapsed, 
add intercalary months, 


Lunar months elapsed, 
to reduce to lunar days, multiply by 


Lunar days, 
add for current month, 


Whole number of lunar days, 


Farther, to find the number of tithikshayas, or omitted lunar days, in 


this period, we say 


23,470,619,461 
721,384,701 








24,192,004,162 
30 








725,760,1 24,860 
29 
725,760,124,889 


1,603,000,080 ; 25,082,252 :: 725,760,124,889 : 11,356,018,362 


Next, from 
Lunar days elapsed, 
deduct omitted lunar days, 


Mean solar days elapsed, 


This, then, is the required ahargana, or sum of days from the com- 
mencement of the planetary motions to about the time of new moon, 
May, 1854. The processes by which it is found are in all respects the 


725,760,124,889 
11,356,018,362 


714,404,106,527 
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same with those illustrated by us-in the notes to i. 21-23, 24, 48, 48-51, 
above. It will be noticed that the Hindu astronomer, at least when 
working out an illustrative process, like the one in hand, scorns to make 
use of any of the means for reducing the labor of computation which 
the text directly or impliedly permits, and of which, in our own calcu- 
lations, we have been glad to avail ourselves, 

II. To ascertain the mean longitudes of the sun, the moon, the sun’s 
apsis, the moon’s apsis, and the moon’s node, for mean midnight on the 
Hindu meridian, at the given interval from the creation. 

The amount of motion, since the creation, of the bodies named, in 
their order, is found by the following series of proportions : 


1,577,917,828 : 714,404,106,527 :: 4,320,000: 1,955,884,955rev 18 12° 14’ 14” 
1,577,917,828 : 714,404,106,527 :: 57,753,336 : 26,147,889,118rev 18 9° 44’ 29!" 
1,577,917,828,000 : 714,404,106,527 :: 389 : 175rev 28 17° 17” 23” 
1,577,917,828 : 714,404,106,527:: 488,203:  22,134,467rev 28 21° 56’* 9!’ 
1,577,917,828 : 714,404.106,527 :: 232,238: 105,146,o20rev 108 17° 11' 50!” 


Rejecting whole revolutions, and, in the case of the moon’s node, 
subtracting the fraction from a whole revolution, we have, as the mean 
longitudes required : 


Sun, 18 12° 14’ 14” 
Moon, 18 9° 44’ 29” 
Sun’s apogee, 28 19° 19° 23” 
Moon’s apogee, 'ar° SY’ 9” 
Moon’s node, 18 12° 48’ 10” 


The Hindu calculator has taken, in the case of the moon’s apsis 
and node, the numbers of revolutions given by the text, omitting the 
correction of the bija. We have not, in order to test the accuracy of 
his arithmetical operations, worked over again the proportions, except- 
ing in two instances, the first and last: our results differ but slightly 
from those above given (we find the seconds of the sun’s place to be 40”, 
and the minutes and seconds of the node’s motion to be 12’ 43”)——not 
enough to render any modification necessary. , 

III. To ascertain the values of the same quantities at mean sunrise 
on the equator, or 6 o’clock. 

In order to this, we must add to each planet’s longitude one fourth 
the amount of its mean motion ina day. We require, then, the mean 
daily motions. They are found as follows, taking the sun as an example : 


1,577,917,8284 : 4,320,000rev ; ; 1d ; 59’ 8” 10’” 10.4 


We omit the other proportions and their results, as the latter have been 
fully stated in the table of mean motions of the planets (note to i. 29-34). 
Adding a quarter of the daily motion, we have as follows: 


Long. at midnight. Correction. Long. at sunrise. 
Sun, 18 129 14’ 147% + 14’ 47" = 1812° a9’ 1” 
Moon, 18 9° 44’ 29” 4 3° 17’ 39" = 813° 2 8” 
Sun’s apogee, 28179 17/237 -- o == 28.179 19/93” 
Moon’s apogee, 28 21° 56’ 9” + 1! fo! = 28 21° 57’ 49” 
Moon’s node, 18 12° 48/107 — 48" = 18 12° 47’ 29” 
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IV. To ascertain the values of the same quantities at mean sunrise 
upon the equator, on the meridian of the given place. 

Adopting 75° 50’ as the longitude of the Hindu meridian east from 
Greenwich, we have, as the interval in longitude of Williams’ Colle 
from it, 149° 2’ 30’’, which is equal to 24" 50% 2?, The latitude is 
42° 42’ 51". We have, then, first, to determine the distance of the 
place in question, upon its own parallel of latitude, from the Hindu 
meridian. 

The equatorial circumference of the earth has been found above (note 
to i. 59-60) to be 5059.64 yojanas. Its circumference upon the paral- 
lel of latitude of Williams’ College is found (i.60) by the following 
proportion : 

3438’ (= R): 2525’ (= cos 42° 42’ 51/’): : 5059y.64 : 3715y.97 

The degdéntara, or difference of longitude in yojanas, is then deter- 

mined thus : 
6on : 249 5ov ap; : 3715y.97 : 1538y.41 


And the degaéntaraphala, or correction for difference of longitude, is 
calculated from the daily motion of each body, by such a proportion as 
the one subjoined, which gives the sun’s correction : 

3715Y.97 : 1538y.41 :: 59’ 8!" : 24! 27/7" 

We omit the other proportions, and merely present their results in 

the following table : 


Sunrise at Lanka. Correction. Sunrise on giv. merid. 
Sun, 1812929’ 17% -+ of 19” = 16.19% 53° 28” 
Moon, 18139 2’ 8” + 527 12 = 18 18° 29% 20” 
Sun’s apogee, 28 17° 17237 + o == a8 17° 197/23" 
Moon’s apogee, 2s 219 57’ 49” + 2’ 45” = 2822° of 34” 
Moon’s node, 18 12° 47’ 22% — 1°19” = 1812° 46° 3” 


We have already (note to i. 63-65) called attention to the excessively 
awkward and cumbrous character of this process for making the correc- 
tion for difference of meridian. 

VY. To find the sun’s true longitude. 








From the longitude of the sun’s apsis, an £9° SF a5" 
deduct sun’s mean longitude (ii. 29), 18 12° 53” 28” 
Sun’s mean anomaly, Ig 4° 23’ 55” 
Sine, 1927’ 


The diminution of the sun’s epicycle is now found by the following pro- 
portion (ii. 38) : 
3438' ::30' =: 19217’ : 33” 2:2 
The dimensions of the epicycle are, then (ii. 34), 14°—11'12”, or 
13° 48’ 48". Next, the proportion (ii. 39) 
360° : 13° 48’ 48” :: 1927’: 74’ 11” 

gives us the sun’s equation of the centre, which, by ii. 45, is additive. 
Hence to the 

Sun’s mean longitude, 1s 12° 53’ 28” 

add the equation, 39-24 gar” 


Sun’s true longitude, 1g 14° 7° 39! 
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This calculation exhibits a rather serious error: the sine of 34° 24’, 
the anomaly, is 1942’, not 1927’. The final result, however, is not per- 
ceptibly modified by it: the equation ought to be 1° 14’ 30”, and the 
true longitude 15 14° 7’ 58”. 

VI. To find the moon’s true longitude. 


From the longitude of the moon’s apsis, 2s 22° of 34! 

deduct moon’s mean longitude, 18 18° 29! 20/7 
Moon’s mean anomaly, 18 3° 31/ 14!" 
Sine, 1898/ 
Diminution of epicycle, ax’ 2” 
Dimensions of epicycle, 31° 48 58/” 
Equation of the centre, + 2° 47’ 


Hence, to the 


Moon’s mean longitude, 
add the equation, 2° 47! 
18 21° 16/ 20!” 


18 18° 29° 20/7 





Moon’s true longitude, 


VII. To calculate the true daily motions of the sun and moon. 

The equations of motion for the sun and moon have been found by 
the calculator of the eclipse by the following proportion: as the whole 
orbit of either planet is to its epicycle, so is its mean daily motion to 
the required equation. That is to say, for the sun, 

360° : 33° 48! 48!" =: 59! 8" : a! 16/7 
which, by ii. 49, is subtractive. Hence the sun’s true motion is 59’ 8” 
—2! 16", or 56’ 52", 
Again, for the moon, 
360°: 31° 48’ 58/’ : : 790’ 35/”: 69’ 36’ 
And the moon’s true motion is 790’ 35’’—69/ 36’’, or 720’ 59”. 

These calculations are exceedingly incomplete and erroneous, as may 
readily be seen by referring to the corresponding process in the other 
eclipse, or to that given as an illustration in the note to ii. 47-49. The 
actual value of tke sun’s equation of motion, as fully calculated by the 
method of our treatise, is only 1/ 51”; that of the moon is only 58’ 49”: 
whence the true motions are 57/17” and 731! 46” respectively. These 
are elements of so much importance, and they enter so variously into 
the after operations, that we have hesitated as to whether it would not 
be better to cancel the whole work of the Hindu calculator from this 
point onward, and to perform it anew in a more exact manner; but we 
have finally concluded to present the whole as it is, as a specimen— 
although, we hope, not a favorable one—of native work; pointing out, 
at the same time, its deficiences, and cautioning against its results being 
accepted as the best that the system is capable of affording. 

We have thus far found the true longitudes of the sun and moon for 
the moment of mean sunrise at the equator, upon the meridian of the 
given place. We desire now farther to find the same data for the mo- 
ment of sunrise upon the same meridian in latitude 42° 42’ 51” N. 

VHI. To find the longitudes of the sun and moonat sunrise in long. 
149° 2¢ 30”, lat. 42° 42’ 51” N, 
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1. To calculate the precession of the equinoxes (iii. 9-12). 
The proportion 
1,577,917;8284 : 6ootev : : 714,404,106,527 : 271,650rev 88 7° 45’ 20’ 

gives us the amount of the motion of the equinox in its own circle of 
libratory revolution, since the beginning of things. Rejecting complete 
revolutions, and deducting 6* from the fraction of a revolution, we have 
the distance of the equinox from the origin of the sidereal sphere, in 
terms of its own revolution, as 67° 45’ 22”: three tenths of this, or 
20° 19’ 36”, is the amount of the precession. 

2. To calculate the sun’s declination. 


Sun’s longitude, 18 14° 7! 39!’ 
Precession, 20° 19/ 36/’ 
Sun’s distance from vernal equinox, me a ra 
Sine, 3101’ 
Then, by ii. 28, 
3438’ : 1397’ :: 3101! : 1260’ = sin 21° 31’ 3” 
the sun’s declination is therefore 21° 31/ 3”. 

3. To calculate the sun’s ascensional difference. 

The radius of the sun’s diurnal circle (dyujy4—ii. 60) is 3199’. 

The equinoctial shadow in the given latitude is 114.07, being found 
by the proportion (iii. 17) 

cos lat. : sin lat. :: gnom. : eq. shad, 
or 2525’: 2330’ :: 124: 114,07 
Again, to find the earth-sine (kujyd—ii. 61), 
124: 114,07 : : 1260’: 11627 
And, to find the sine of ascensional difference, 
3199! : 3438’ :: 1162’ : t249/ 

The corresponding arc is 21° 19’, or 1279’; and since a minute of 
arc is equivalent to a respiration of time, the sun’s ascensional difference 
in time is 1279?, or 213%, or 3" 33Y, rejecting the odd respiration. 

4. To calculate the length of the sun’s day. 

The sun being in the third sign, of which the equivalent in fight as- 
cension (iii. 42-45) is 1935?, the excess of his day over 60 nadis is found 
by the proportion 

t800! : 1935p :: 59’ 8/’ : 63p 
whence the — of his day is 21,663°. 

In this calculation of the length of the sun’s day, the operator has ta- 
ken the mean, instead of the true, motion of the sun, which is obviously 
less accurate, and which is contrary to the meaning of the rule of the 
text (ii. 59), as explained by the commentator. 

Now, in order te find the difference between the sun’s longitude at 
sunrise on the equator and sunrise on the given parallel of north latitude, 
we make a proportion, as follows: if in his whole day the sun moves 
an amount equal to his daily motion, how much will he move during an 
interval corresponding to his ascensional difference? or 

21,663p : 59’ 8’ :: ta79P: 3’ 29/7. 
VOL. Vi. 58 
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The sun’s declination being north, sunrise on the given parallel pre- 
cedes sunrise on the equator, and hence this result—which is called the 
carakalds, “ minutes (kald) of longitude corresponding to the ascensional 
difference (cara)”—is to be subtracted from the sun’s longitude as for- 
merly found. That is to say, 


Sun’s longitude at equatorial sunrise, 18 14° 7’ 39/” 

deduct the correction (carakalds), 3’ 29/” 

Sun’s longitude at sunrise, lat. 42° 42’ 51’’ N., f 18 14° 4! 10" 
long. 149° 2’ 30’ W. from Lanké, 


In finding the corresponding value of the moon’s longitude we apply 
first a correction for the sun’s equation of place ; it is, in fact, the equa- 
tion of time, calculated after the entirely insufficient method which we 
have already fully exposed, in connection with part V of the preceding 
process. The proportion is (ii. 46) as follows : 

at,Goo’ : 790’ 35" 3+ 1° 14? 11!’ : 2! 43!" 

Here, again, bad is made worse by taking as the second term of the 
proportion the moon’s mean, instead of her true, rate of motion. It is 
to be noticed that a like correction should have been applied also to the 
sun’s longitude, but was omitted by the calculator. We have, then, 





Moon’s longitude, mean equatorial sunrise, 18 21° 16! 20/” 
add the correction for the equation of time, 2! 43" 
Moon’s longitude, true equatorial sunrise, 18 21° 19’ 3!" 


Now we apply farther the correction for the sun’s ascensional differ- 
ence (carasanskdra) ; it is calculated in the same manner with that of 
the sun, and its amount is found to be 47! 51”. 

Moon’s longitude, true equatorial sunrise, 121’ 19/ 3! 

deduct the correction for the sun’s asc, diff., 47! 51" 

Moon’s longitude at sunrise, lat. 42° 42’ 51’ N., i 
long. 149° 2’ 30’ W. from Lanka, t 

On comparing the longitudes of the sun and moon, as thus deter- 
mined, it is seen that the time of conjunction is already past. Hence 
the calculation is carried a day backward, by subtracting from the lon- 
gitude of each body its motion during a day. That is to say, 


18 20/ 31’ 12" 


sunrise voneeing ‘eclipse. Gay’S motion. sunrise Soukodan eclipse. 
Sun, m34° 410" — 56’ 5a!" <= 18 33° 9 18! 
Moon, 18 20° 31’ 12" — 12° of 59” = 18 8° 30! 13” 
Moon’s node, w3a° ff” 3! + xr” = 18 12° fo 14" 


This is an entirely uncalled-for, and a highly inaccurate proceeding. 
By the rule given in our text (ii. 66), it is just as easy and regular a 
process to find from any given time the interval to the beginning of the 
current lunar day by reckoning backward, as that to the end of the day 
by reckoning forward. And to assume that the whole calculation may 
be transferred from one sunrise back to the preceding by simply deduct- 
ing the amount of motion in a day as determined for the former time is 
to take a most unwarrantable liberty, and to ignore the change during 
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the interval of many of the elements of the calculation, as the sun’s and 
moon’s rates of motion, the sun’s declination and ascensional difference, 
etc. In making the transfer, moreover, the longitude of the moon’s 
node has been taken as found for mean equatorial sunrise, without any 
correction for the equation of time, or for the sun’s ascensional difference. 

IX. To find the time of true conjunction, and the longitudes of the 
sun, moon, and moon’s node at that time. By ii. 66, from the 














Moon’s true longitude, 1s 8° 30’ 13” 
deduct the sun’s do., g8 13° 7’ 18” 
remains 118 25° 29 55” 
divide by the portion of a lunar day, 720! 
the quotient is 294 and 442’ 55” 
deduct the remainder from a whole portion, 720’ 
remains ary. 5” 


This process shows us that the moon has still 277/ 5” to gain upon 
the sun, in order to arrive at the end of the thirtieth or last day of the 
lunar month, or at conjunction with the sun, 


Next, from the 





Moon’s true daily motion, 720' 59” 
deduct the sun’s do., 56! 5a/" 
Moon’s daily gain in longitude, 664’ 7” 


Hence the proportion 
664’ 7" : Gon :: 277’ 5” : 25m av 
gives us the time of conjunction, reckoned from sunrise, as 25" 2v, 
Now, by iv. 8, we proceed to find the longitudes for that time. The 
amounts of motion during 25" 2Y are found by the following proportions : 





50! Sa"s:: aga” 

6on ; 250 a 720’ 59”: 300’ 48” 

3’ II ” : I ’ I io? 

Then, to the 

Sun’s longitude at sunrise, 18 13° 7! 18/7 
add the correction, 23! 43" 
Sun’s longitude at conjunction, 18 13° 31’ 1" 
Moon’s longitude at sunrise, 18 8° 3o/ 13/" 
add the correction, 5° of 48/" 
Moon’s longitude at conjunction, 18 13° 31’ 1!" 
Node’s longitude at sunrise, 18 12° 49! 14” 
deduct the correction, 1’ 19/ 
Node’s longitude at conjunction, 18 12° 47! 55/" 


The mode of proceeding adopted by us above, in the lunar eclipse, 
for finding the time of the middle of the eclipse, and the longitudes of 
the sun and moon at that time, is, as will not fail to be observed, quite 
different from that of the native calculator of this eclipse. That fol- 
lowed by Davis, or his native assistants (As. Res., ii. 278 etc.), varies 
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considerably from both. Our own method, though varying in some 
respects from that contemplated by the text, is a not less legitimate ap- 
plication of its general methods than either of the others, and it pos- 
sesses this important advantage over both, that we were able to verify 
it, and to show, by calculating the mean and true places for the given 
instant, that the latter was actually the one at which the system made 
the opposition of the sun and moon to take place: while, on the con- 
trary, in the process now in hand, so many errors have been involved, 
that, were the same test to be applied, we should find the centres of the 
sun and moon many minutes apart at the moment fixed upon as that of 
conjunction, and the place of conjunction as far removed from the point 
of longitude above determined for it. 

X. To find the apparent diameters of the sun and moon. 

These quantities are determined by means of the following propor- 
tion: as the mean daily motion in yojanas is to the mean diameter in 
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. yojanas, so is the true motion in minutes to the true diameter in min- 


utes. That is to say, for the sun and moon respectively, 
11,8588y : 6500y:: 56! 52/’: 31’ 10/" 
1185839 : 480¥:: 720’ 59’”: 29’ 2/7 

This method is in appearance quite different from that which is pre- 
scribed by our text (iv. 2-3), but it is in fact only a simplification, or 
reduction, of the rules there given. Thus, for the moon, the text gives 

ni. mot, in minutes: true mot. in min. ::m. diam. in yoj.: true diam. in min. X 15 
Transposing, now, the middle terms, transferring the factor 15 from the 
fourth term to the first, and noting that the mean motion in minutes, 
when multiplied by 15, gives the value of the same in yojanas, we have 
the former proportion, namely, 

m. mot. in yoj,: m. diam. in yoj,: : true mot. in min.: true diam. in min. 

Again, in the case of the sun, the rules of the text give 

m. mot, in min.: true mot. in min:: m, diam. in yoj.: true diam. in yoj. 
and true diam. in yoj.= true diam. in min. 15 X (sun’s orbit + moon’s orbit) 

Now transposing the second and third terms of the proportion, sub- 
stituting for the fourth its equivalent as here stated, and transferring to 
the first term the last two factors of that equivalent, we have 
sun’s orbit _ 
moon’s orbit 
But the first term, as thus constructed, is, by the method of determina- 
tion of the planetary orbits (see xii. 81-83), equal to the sun’s mean 
daily motion upon his orbit reckoned in yojanas: hence the proportion 
becomes for the sun, as for the moon, 

m. mot, in yoj.:m. diam. in yoj. :: true mot. in min. : true diam. in min. 

XI. To calculate the parallax in longitude (lambana), and the time 
of apparent conjunction (v. 3-9). 

1, To find the orient ecliptic-point (Jagna) at the moment of true 
conjunction (iii. 46-48). 

In order to this, we require to have first the equivalents in oblique as- 
cension (udaydsavas) of the several signs of the zodiae for the latitude 


m. mot, in min.X 15 :m.d.in y.:: true mot. in min. : true diam. in min. 
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of Williams’ College, 42° 42’ 51”N. We present annexed their values 
as employed by the calculator of the eclipse, and also as calculated by 
ourselves according to the method taught in our text (iii 42-45). It 
will be noticed that the differences are not inconsiderable, and evince 
much carelessness on the part of the native astronomer; who, moreover, 
employs vinddis only in his processes, rejecting the odd respirations, 
which is an inaccuracy not countenanced by the Sarya-Siddhanta. 


Equivalent in oblique ascension : 
acc. to calculator. acc. to us. 


ist sign ove 1008p 12th sign 
and “ ape 1238p arth * 
3rd “ 2877 or 1722P 1699p 1oth * 
4th “ 359v or 2154P 2171P oth 
sh.“ 387¥ or 2322P 2352p 8th 
6th “ 388v or 2328p 2332p 7th 
The equivalents assigned by the Hindu calculator to the 3rd and 4th 
signs are moreover, it may be remarked, inconsistent with one another, 
since the one ought to fall short of 1935? by as much as the other ex- 
ceeds that quantity. 
Now, then, to the 
Sun’s longitude at conjunction, 18 13° 31’ 1/7 
add the precession, 20° 19! 36/7 
Sun’s distance from the equinox, 28 3° 50! 37’ 
It appears, accordingly, that the sun is in the 3rd sign, and 26° 9/ 23” 
from the beginning of the fourth. Hence the proportion (iii. 46) 
30° ; 287¥ ; ; 26° 9! 23/’ ; 250 
give us 250” as the ascensional equivalent of the part of a sign to be 


traversed (bhogydsavas). The time of the day, or the sun’s distance in 
time from the eastern horizon, is 25" 2%, or 1502%. Then, from the 


Time of conjunction, 15029 
deduct asc. equiv. of part of 3rd sign, 250v 
remains 1252v 
deduct asc. equiv. of 4th, 5th, and 6th signs, 1134 

118V 


“ 
“ 
“ 


remains 

This remainder of time, or of ascension, is reduced to its value in arc 

of the ecliptic by the proportion (iii. 49) 
388v : 30° :: 118; 9° 7/ 25/” 

Add this result to the whole signs preceding, and the longitude of the 
orient ecliptic-point (lagna) is found to be 6* 9° 7/25”: its sine is 544/ 
(more correctly, 545’). 

2. To find the orient-sine (udayajya—v. 3). 

This is found by the proportion 

2525’ : 1397’: : 544’: Jor’ ' 
2525! being the cosine of the latitude, and 1397’ the sine of the inclina- 
tion of the ecliptic (ii. 28). : 

3. To find the meridian ecliptic-point (madhyalagna—iii. 49). 
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In order to this, we must first know the sun’s hour-angle (naéa), or 
distance in time from the meridian ; it is determined as follows : 


A quarter of the complete day, 15n ov 
add the sun’s ascensional difference, 3a 33V 


The sun’s half-day, 18n 33v 
deduct from time of conjunction, 25n av 





Sun’s hour-angle, west, 6n 29 


The sun’s distance from the beginning of the fourth sign was found 
above to be 26° 9’ 23”. Its equivalent in right ascension (lankodayd- 
savas) is found by the following proportion (iii. 49) : 

30° ; 323V;; 26° 9’ 23/’; 285v 
Now, from the 


Sun’s hour-angle, 6n 29’, or 389v 
deduct the result of the last proportion, 285¥ 


remains 104v 


and this remainder, being less than the equivalent of a sign, is reduced 
to its value as longitude by the proportion (iii. 48) 
323¥ ; 30° :: 104% : 9° 3! 59” 

The longitude of the meridian ecliptic-point is accordingly 3° 9° 3/57”: 
its sine is 3393’. 

In criticism of the process as thus conducted, we would only remark 
that the quarter of the sun’s day should have been called 15" 2 4P (see 
above, VIII. 4), and that to take 323Y as the equivalent in right ascen- 
sion of the third and fourth signs is inaccurate, the value given it by 
our treatise being 1935?, or 3224". 

4. To find the meridian-sine (madhyajya—v. 4-5). 

First, the declination of the meridian ecliptic-point is determined by 
the proportion (ii. 28) 

3438’ : 1397’ : : 3393’: 1378’ = sin 23° 39! 37’ 
Its value being north, it is deducted from the latitude of the place for 
which the calculation is made, since this, though by us reckoned as 
north, is to the Hindu apprehension (iii. 14) always south, being meas- 
ured south from the zenith to the equator. That is to say, 


From the given latitude, 42° 4a! $1!" 
deduct decl. of merid. ecliptic-point, 23° 39’ 37’ 


Meridian zenith-distance (natdngds), 19° 3/ 14"" 
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The sine of this arc, which is 1117’, is the meridian-sine. 
Here is another blunder of the calculator: the sine of 19° 3/ 14” is 
actually 1122’. 
5. To find the sine of ecliptic zenith-distance (drkkshepa), and the 
sine of ecliptic-altitude (drggati). 
First, by v. 5, 
3438’ ; 301’ :; 1117! : 97’ 48" 
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Now, then, by v. 6, 


Square of last result, 9,564’ 
deduct from square of mer.-sine, 1,247,689’ 


remains 1,238,125/ 
Square-root, 1113! 


This, then, is the sine of ecliptic zenith-distance. The sine of eclip- 
tic-altitude is found by subtracting its square from that of radius, and 
taking the square-root of the remainder; it is found to be 3253’. 

6. To find the divisor (cheda), and the sun’s parallax in longitude 
(lambana). 

The sine of one sign, or 30°, is 1719’. 


Square of sin 30°, 2,954,961 
divide by 3,253 


Divisor (cheda), go8 


Next, to find the interval on the ecliptic between the sun’s place and 
the meridian : 


Longitude of meridian ecliptic-point, Jag? . 3 Sa!" 
do. of sun, at 3°. So! Jy!’ 


Interval in longitude, 18 5° 13! 20" 


Of this the sine is 1950’, and, upon dividing it by 908, the divisor 
(cheda) above found, the value of the parallax in longitude (/ambana) is 
ascertained to be 2" 21%, 

Here is some of the worst blundering which we have yet met with. 
The sine of 35° 13’ is actually 1982’, not 1950’; and upon dividing it 
by 908, we find the quotient to be only 2" 11%. 

The calculator assumes the time of apparent conjunction to be deter- 
mined by this single correction. As the text, however (v. 9), directs 
that the process be repeated, to insure a higher degree of accuracy, we 
shall finally quit at this point the guidance of his computations, and go 
on to apply in full the rules of the Strya-Siddhanta. 

The sun being west of the meridian, or his longitude being less than 
that of the meridian ecliptic-point (v. 9), the correction for parallax is 
additive to the time of true conjunction. Hence, to the 


Time of true conjunction, 25n ov 
add the correction, 2n 11v 


Time of conjunction once equated, 270 13¥ 


For the time thus found, we now proceed to calculate again the value 
of the parallax. The results of the calculation are briefly presented 
below: 


Sun’s longitude at corrected time of conjunction, as 3° 5a’ 41 
Orient ecliptic-point (lagna), 68 18° 50/ 
Its sine, 1110/ 
Orient-sine (udayajyd), 614’ 
Sun’s hour-angle, 3103P 
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Meridian ecliptic-point (madhyalagna), 38 21° 59! 
Its sine, 3188’ 
Its declination, 22° og! N. 
Its zenith-distance, 20° 34’ §, 
Meridian-sine (madhyajyd), 2207’ 
Sine of ecliptic zenith-distance (drkkshepa), 1188! 
Sine of ecliptic-altitude (drggati), 3226’ 
Divisor (cheda), 916’ 
Sine of sun’s dist. in long. from meridian, 2558’ 
Parallax in longitude (Jambana), 2” 48v 
add to time of true conjunction, 250 av 
Time of conjunction twice equated, 270 5ov 


Once more, we repeat the same calculation; its principal results are 
as follows : 





Orient ecliptic-point, 65 21° 41’ 
Orient-sine, 702! 
Meridian ecliptic-point, 3s 25° 26/ 
Meridian-sine, 1241/ 
Sine of ecliptic zenith-distance, 1215’ 
Sine of ecliptic-altitude, 3216/ 
Divisor, 919’ 
Parallax in longitude, on 55v 

add to time of true conjunction, 25n av 
Time of apparent conjunction, 270 57° 


A farther repetition of the process would still yield an appreciable 
correction, but as so many errors have been involved in the preceding 
arts of the calculation as to tender any exactness of result unattaina- 
Bie, and as enough has been done to illustrate the method of correction 
by successive approximation and the comparative value of the results it 
yields, we stop here, and rest content with the last time obtained, as that 
of the apparent conjunction of the sun and moon, or of the middle of 
the eclipse, at Williams’ College. 

XII. To calculate the parallax in latitude (nati) for the middle of the 
eclipse. 

This is given us by the proportion (v. 10) 

3438’ : 731! 27/153: 1215’: 17! 14” 8, 
in which 1215’ is the sine of ecliptic zenith-distance, as found in the last 
rocess. 

XIII. To calcuiate the moon’s latitude, and her apparent latitude, 
for the middle of the eclipse. 

We require first to find the longitude of the moon, and that of her 
node, for the moment of apparent conjunction, by adding to their lon- 
gitudes, as already found (above, IX) for the time of true conjunction, 
their motion during 2" 55". The amount of motion is found by the pro- 
portions 


720! 59!’ : 35’ 3/" 
3’ m1//: oo’ 9” 


gon : an 550: 24 
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Now, then, to the 


Moon’s longitude at true conjunction, t8 13° 31/1” 
add the correction, 38’ 3°° 


Moon’s longitude at apparent conjunction, 18 14° 6! 4’ 
Farther, from the 


Node’s longitude at true conjunction, 18 12° 47’ 55’ 
deduct the correction, ” ih 
Node’s longitude at apparent conjunction, 18 12° 47’ 46" 
deduct from moon’s longitude, 18 14° 6/ 4! 





Moon’s distance from node, 1° 18! 18/7 
Sine, 78! 
Hence the proportion (ii. 57) 
3438’ : 270! : ; 78’: 6/ 87? 
gives us the 


Moon’s true latitude, 6’ 8''N. 
deduct from parallax in latitude (v. 12), 17’ 14" 8. 


Moon’s apparent latitude, 11’ 6/§. 


XIV. To find the amount of obscuration (grésa) at the moment of 
apparent conjunction. 
By iv. 10, we add to the 


Diameter of the eclipsing body, the moon, oy af 
Diameter of the eclipsed body, the sun, 31’ 10’ 


Sum of diameters, 60! i2!’ 
Half-sum of diameters, 30’ 6’ 
deduct moon's apparent latitude, 11’ 6/ 


Amount of greatest obscuration, 19’ oO! 


This remainder being less than the sun’s diameter, the eclipse (iv. 11) is 
partial only. 

XV. To determine the times of the beginning and end of the eclipse 
respectively. 

As the eclipse is a partial one only, we have not to calculate the times 
of the beginning and end of total obscuration ; and indeed, we may well 
suppose that the Hindus would never venture to calculate those times 
in a solar eclipse : it is even questionable whether the accuracy of their 
methods would justify them in ever predicting with confidence that an 
eclipse would be total. 

In the first place, we assume that the moon’s apparent latitude, as cal- 
culated for the moment of conjunction, remains unchanged during the 
whole duration of the eclipse, and calculate, by iv. 12-13, what would 
be, upon that assumption, the interval between the middle of the eclipse 
and either contact or separation of the disks. That is to say (iv. 12), 
from the 
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Square of sum of semi-diameters (30’ 6’’), go6’ 1” 
deduct square of moon's latitude (11’ 6’’), 123’ 13/" 
remains 782’ 48’’ 

Square root of remainder, 27’ 59!’ 


This result represents the distance, as rudely determined, of the two 
centres at the moments of contact and separation. To ascertain the 
corresponding interval of time, we say (iv. 13) 

664’ 7’’: 6on:: 27’ 59/’: am 3av 

Now, then, from and to the 


Time of apparent conjunction, 27n 59v 

subtract and add the half duration, 2n 3ov 
Beginning of eclipse, 25n 25v 
End of eclipse, 3on 297 


This is as far as the operation was carried by the native calculator, 
and with data and results somewhat different from those here given, 
owing to his neglect to repeat the process of determination of the par- 
allax in longitude in finding the time of apparent conjunction. Un- 
fortunately, however, the text (iv. 14-15; v. 13-17) prescribes a long 
and tedious series of modifications and corrections of the results so far 
obtained, of which we shall proceed to perform at least enough to illus- 
trate the method of the process, and the comparative importance of the 
corrections which it furnishes. 

We have first to find the longitude of the sun, moon, and node, at 
the moments thus determined as those of contact and separation; they 
are as follows: 


Sun’s long. at true conj. (259 2v), 1s 13° 31’ 1/7 a8 35° Si’ 3"? 
add for his motion 22// 5! 10!" 








Sun’s long. at beg. and end of eclipse, 18 13° 31’ 23/’ 18 13° 36! 11/7 








add the precession, 20° 19! 36/’ 20° 19/ 36/ 
Sun’s distance from the vernal equinox, 28 3° 50’ 59’’ 2s 3° 55! 47’ 
Moon’s long. at app. conj. 13 14° 6! 4! 1 14° 6! 4! 

subtract and add motion in 2 $2v, 30! 26/’ 30’ 26/’ 
Moon’s long. at beg. and end of eclipse, 18 13° 35’ 38/’ 18 14° 36/ 30’ 
Node’s long. at app. conj., 18 12° 47’ 46’! i8 12° 47’ 46/' 


add and subtract 8’ ag 
Node’s long. at beg. and end of eclipse, 18 12° 47’ 54’ 18 12° 47! 38/’ 


To find, then, the moon’s true latitude at contact and separation, we 
have 








Moon’s distance from node, 47' 44'' 1° 48! 59!’ 
Sine, 48! 109’ 
Moon’s latitude, 3’ 46’ N. 8’ 34’ N. 


Next are calculated the moon’s parallax in latitude, and her apparent 
latitude, at the beginning and end of the eclipse, by a process of which 
the main results are the following : 
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Orient ecliptic-point, 63 10° 28’ 78 3° 59! 

Sine, 625/ 1921! 

Orient-sine, 345! 1063’ 

Sun’s hour-angle, 2455p 4279P 

Meridian ecliptic-point, 3s 11° 54’ 48 11° 7! 

Sine of do., 3363’ 2590! 

Zenith-distance of do., 19° 16/ 24° §3/ 

Meridian-sine, 1134! 1445! 

Sine of ecliptic zenith-distance, 1128/ 1374! 

Parallax in latitude, 16’ oS, 19/ 29/’8, 
deduct true latitude, 3’ 46'N, 8’ 34’ N, 


Moon’s apparent lat. at beg.and end of eclipse, 12’ 14’’S8, 10’ 55’ 8. 





Finally, from the 


Square of sum of semi-diameters, 906’ 1” 906’ 1” 
deduct squares of app. latitude, 150! 39! 119/ 11/7 
remain 755! a2!" 786! 50’? 

Distance of centres in longitude, 27! ag? a3/ aft 

Corresponding interval, an 29¥ an 3av 

Corrected times of beginning and end of eclipse, 259 28v 3on 29¥ 





It is evidently unnecessary to carry any farther this part of the pro- 
cess; at the time of the eclipse, the increase of the moon’s latitude north- 
ward, and the increase of her parallax southward, so nearly balance one 
another, that the additional correction yielded by a new computation 
would be quite inappreciable—as, indeed, has been, in one of the two 
cases, that already obtained. In making this corrective calculation we 
have not followed with exactness the directions given in the commentary 
under v. 14-17. It is there taught that, after making the first rough 
determination of the half-duration, based upon the moon’s apparent lati- 
tude at apparent conjunction, we must turn back to the true conjunction, 
find the positions of the planets and node at intervals of the half-dura- 
tion from that point, and make these positions the data of our farther 
approximative processes. The text itself, as already remarked by us 
in the notes, shows an utter and provoking want of explicitness with _ 
regard to the whole matter, and may be regarded as favoring equally 
the method of the commentary, our own, or any other that might be 
devised. We have taken our own course, then, because we were 
unable to see any sufficient reason for reverting from apparent to true 
conjunction, as directed by the commentator. 

With regard to the next steps, the language of the text is less ambigu- 
ous: it distinctly orders us to deduct from and add to the time of true 
conjunction (tééhyanta) the intervals found as the former and latter half- 
duration, and from the moments thus determined to compute anew, by 
a repeated process, the parallax in longitude. This is a very laborious 
operation, and not altogether accurate, although perhaps as much so 
as any which the Hindu methods admit. As we are supposed to have 
already ascertained how far apart the two centres must be at the mo- 
ments of contact and separation, the problem is, evidently, to determine 
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at what moment of time they will, allowing for the parallax in longi- 
tude, be at that distance from one another. Now as formerly, to find the 
time of apparent conjunction, we started from that of true conjunction, 
and arrived at the desired result by a series of approximative calcula- 
tions of the parallax in longitude, so now, starting from points removed 
from true conjunction by the given intervals, we shall ascertain, by a 
similar series of approximations, the times when the distances repre- 
sented by those intervals will be apparent, or the moments to which 
contact and separation of the disks will be deferred by parallax in lon- 
gitude. The results of the calculations, as made by us, are as follows: 





Time of true conjunction, 250 av 250 av 
subtract and add, an 29V 2n 3av 
Times of true contact and separation, 2an 33v 27n 34Vv 
Sun’s longitude, with precession, as 3° 48’ 16! as 3° 53’ 1! 
Orient ecliptic-point, 5s 27° 9 6s 20° 29/ 
Orient-sine, 95’ 664’ 
Meridian ecliptic-point, 28 25° 52’ 38 23° 56’ 
Meridian-sine, 1107’ 1226’ 
Sine of ecliptic zenith-distance, 1106’ 1203’ 
Sine of ecliptic-altitude, 3255’ 3219! 
Divisor, 908 918 
Moon’s longitude, as 30 21/ 28 4° a1! 
Distance from meridian ecliptic-point, 22° 31’ 18 19° 35/ 
Sine, 1316! 2617° 
Parallax in longitude, 12 27V an 51V 


Again, we go on to correct these results by repeated calculations of 
the parallax, in the mode which has already been sufficiently illustrated. 
Annexed are the results only: 








Times of contact and separation, 2an 33v 270 34¥ 
add correction for parallax, 1n 27V an 51v 
Times of contact and separation, once equated, 249 ov 3on 25v 
Corresponding parallax, in 54v 3n 20V 
add to times first obtained, 22n 33v 270 34v 
Times of contact and separation, twice equated, 240 27V 3on 54v , 
Corresponding parallax, 2n av 3n 24V 


Without taking the trouble to carry the calculations any farther, we 
may accept these as the finally determined values of the parallax in 
longitude at the times of apparent contact and separation. Then, 
by v. 16, 








Parallax in longitude at contact and separation, an av 3n 24v 
do. at apparent conjunction, an 55v an 55v 
Difference of parallaxes, 53¥ 29v 
add to former and latter mean half-duration, an 29V an 3av 
True former and latter half-duration, 3n 2av 3n 4Vv 
subtract and add from and to time of app. conj., 279 57¥ 27n 57¥ 





Times of apparent contact and separation, 240 35¥ 3on 58v 
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The calculation of the elements of the eclipse is thus completed. 
For the purpose, however, of illustrating the rules of the text (iv. 18-21) 
for determining, in the case of a solar eclipse, the amount of obscura- 
tion at any given moment during the continuance of the eclipse, we add 
also the following process : 

XVI. To find the amount of obscuration of the sun, 2" 38v after 
first contact. 

We make choice of this time, which is equivalent to 27 13¥ after sun- 
rise, because the data for finding the parallax in latitude at the moment 
have already been calculated (see above, XI). By iv. 18, from the 

True former half-duration (sphuta sparsasthityardha), 3n 20v 
deduct the given interval, an 38v 


Interval to apparent conjunction (madhyagrahana), 44Y 


To reduce this interval in time to distance in longitude of the centres, 

we say (iv. 18) 
6on ; 664’ 7” :: 44¥: 8 7” 

This, then, would be the interval in longitude between the two centres 
at the given moment, if there were no change of the moon’s parallax 
in longitude during the eclipse, or if the moon actually gained in 
2 29V, instead of in 3" 22¥, the distance intervening between her centre 
and the sun’s at the moment of first contact. That, however, being 
not the case, we must reduce the result thus found in the ratio of 
32 22V to 22 29%, or of the true to the mean half-duration. That is to 
say (iv. 19), 

3n 22V;2n 29V:: 8’ 7”: 5’ 59” 
and this result, 5’ 59”, is the true distance of the two centres in longi- 
tude, 272 13v after sunrise. 

A briefer and more obvious method of obtaining the quantity in 
question would have been to make a proportion as follows: if, at the 
time of the eclipse; the moon gains upon the sun 27’ 29” in $2 22v, 
what will she gain during 44%? or 

3n 22V; 27’ 29”:: 44¥: 5’ 5g” 
Upon computation, we find the 


Moon’s parallax in latitude, 279 18v after sunrise, 16’ 51/8. 
Moon’s true latitude, 5! 25’ N. 


Moon’s apparent latitude, 11! 26/7 
Its square, 130’ 43’" 
Square of distance in longitude (5’ 59”), 35’ 59/” 


es 


Their sum (iv. 20), 166’ 34’ 
Actual distance of centres, 12! 54" 
deduct from sum of semi-diameters, 30’ 6! 


Amount of obscuration at given time, yr 12° 


If it were desired to project the eclipse, we should now have to cal- 
culate (by iv. 24-25) the deflection (valana) for the moments of contact, 
conjunction, and separation, and likewise (by iv. 26) the scale of projec- 
tion. As we do not, however, intend to present here a projection, and as 
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the subject of the deflection has been sufficiently illustrated already, in 
the notes upon the text and in the calculation of the lunar eclipse, we re- 
gard it as unnecessary to go through with the labor required for making 
the computations in question. Finally, we annex, as in the case of the 
lunar eclipse formerly calculated, a summary comparison of the princi- 
pal results of the Hindu processes with the elements of the eclipse in 
question as determined by Prof. Coffin, in his work referred to above. 
It must be borne in mind, however, that, owing to the faulty manner in 
which many of the computations of the native astronomer have been 
made, the comparison is not entirely trustworthy ; a more careful adhe- 
rence to the methods of the Siddhanta would have given somewhat 
different results: in the case of the daily motions of the sun and moon, 
the true calculations, as performed by us (see p. 452), give more correct 
values; in other instances, the contrary might perhaps have been the 
case. 

Sirya-Siddhanta. Prof. Coffin. Hindu error, 
Time of true conjunction in longitude, 2h 3om 3h 56m — rh 26m 
Sun’s and moon’s longitude, 63° 50’ 37’ 65° 19/ 37’” — 1° 22! 
Moon’s distance from node, 43’ GY! — 4 19/29! — 3% agf 36// 
Sun’s daily motion in longitude, 56’ 52!’ 57! 457 — 53"" 
Moon’s_ do. do. 12° 0! 59! «129 97/12! — 6’ 13 
Sun’s apparent diameter, 31’ 10! 31’ 37” — ay? 
Moon’s_ do. do. 29’ 2? 29! 45!" — 43” 


Time of apparent conjunction, 3h 4om 5h 32m th 52m 
Parallax in longitude, in time, 1h rom rh 36m — 26m 
Amount of greatest obscuration, 19’ 30’ 59/7 — 11 59! 
Time of first contact, 2b 20m 4h 15m — rh 55m 
Time of separation, 4h 50m 6h 38m — yh 48m 
Duration of eclipse, 2h 3om 2h 23m a 7m 


26. pp. 327-344. Prof. Weber, of Berlin, has favored us in a pri- 
vate communication with a number of additional synonyms of the names 
of the asterisms, derived from the literature of the Brahmana period. 

Mrgaciras, the fifth of the series, is also styled andhaka, “ the blind,” 
apparently from its dimness; dryika, “honorable, worthy;” invaké, of 
doubtful meaning: this latter epithet is also found in some manuscripts 
of the Amarakoca, as various reading for ilvald, which is there ex- 
pressly declared (I. i. 2.25) to designate the stars in the head of the 
antelope. 

Ardra, the sixth asterism, is called béhu, “arm.” Taking this name 
in connection with that of the preceding group, it seems probable that 
the Hindus figured to themselves the conspicuous constellation Orion 
as a running antelope, of which a, y, 8, and * mark the feet: «, then, is 
the left fore-foot, or arm. Perhaps the name Mrgavyadha, “ antelope- 
hunter,” given to the neighboring Sirius (viii. 10), is connected with the 
same fancy. : 

The Maghas are called in a hymn of the last book of the Rig-Veda 
(x. 85. 13) aghds: the word means literally “ evil, base, sinful,” and its 
application to one of the asterisms is so strange that, if not found else- 
where, we should be inclined to conjecture a corrupted reading. 
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Phalguni, or the Phalgunis, forming the eleventh and twelfth groups, 
are styled also arjuni, “ bright, shining.” 

Cravana, the twenty-third asterism, receives the name agvattha, which 
is properly that of a tree, the Ficus religiosa; the reason of the appella- 
tion is altogether obscure. 

Bhadrapada, the last double asterism, is called pratishithdna, “stand, 
support,” in evident allusion to the disposition of the four bright stars 
which compose it, like the four feet of a stand, table, bedstead, or the like. 


27. p. 344. We offer herewith the stellar chart to which reference 
was made in the note on p. 349, and which is intended to illustrate the 
positions and mutual relations of the Hindu nakshatras, the Arab 
mandzil al-kamar, and the Chinese sieu. We add a brief explanation 
of the manner in which it has been constructed, and the form in which 
it is presented. 

The form of the map is that of a plane projection, having the ecliptic 
as its central line. It would have better illustrated the Hindu method 
of defining the positions of the junction-stars, and the errors of the po- 
sitions as defined by them, if the equator of A.D. 560, instead of the 
ecliptic, had been made the central line of the projection. This, how- 
ever, would have involved the necessity of calculating the right ascen- 
sion and declination of every star laid down, a labor which we were not 
willing to undertake. Moreover, the ecliptic is, in fact, the proper cen- 
tral line along which the groups of the Hindu and Arab systems, at 
least, are arranged, and the form given to the chart also facilitates the 
laying down of the equator of B. C. 2350, which we desired to add, for 
the purpose of enabling our readers to judge in a more enlightened 
manner of the plausibility of M. Biot’s views respecting the origin of 
the Chinese system: it is drawn with a broken line, while the equator 
of A. D. 560 is also represented, by an entire line. As the zone of the 
heavens represented is, in the main, that bordering the ecliptic, the dis- 
tances and the configuration of the stars are altered and distorted by 
the plane projection to only avery slight degree, not enough to be of any 
account in a merely illustrative chart, such as this is. As a general rule, 
we have laid down all the stars of the first four magnitudes which are 
situated near the ecliptic, or in that part of the heavens through which 
the line of the asterisms passes; stars of the fourth to fifth magnitude 
are also in many cases added; smaller ones are noted only when they 
enter into the groups of the several systems, or when there were other 
special reasons for introducing them. The positions are in all cases 
taken from Flamsteed’s Catalogue, and the magnitudes are also for the 
most part from the same authority: in many individual cases, however, 
we have followed other authorities. We have endeavored so to mark 
the members of the three different series that these may readily be 
traced across the map; but, to assure and facilitate the comparison, we 
also place upon the page opposite it a conspectus of the nomenclature, 
constitution, and correspondence of the three systems, referring to 
pages 327-344 for a fuller discussion of these matters, and an exposition 
of what is certain, and what more or less hypothetical, or exposed to 
doubt, with regard to them. 
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Hindu asterism. 
» Agvini. 

B and y Arietis. 
. Bharani. 

35, 39, and 41 Arietis. 
. Krttika. 

n Tauri, etc. (Pleiades). 
- Rohini. 

a, 3, 7, 5, € Tauri. 
- Mrgaciras. 

A, 91, 92 Orionis, 

Ardra. 

a Orionis. 
. Punarvasu. 

8, a Geminorum. 
- Pushya. 

3, 6, y Cancri. 
. Aglesha. 

z, 5, o, n, 9 Hydra. 
. Magha. 

a, n, % &, H, € Leonis. 
. Parva-Phalguni. 

6, $ Leonis. 
. Uttara-Phalguni. 

6, 98 Leonis. 
. Hasta. 

3, 7, & a, B Corvi. 
. Citra. 

a Virginis. 
. Svati. 

a Bootis. 
. Vicakha. 

1, % 8, @ Libre. 
. Anuradha, 

6, 8B, w Scorpionis. 
. Jyeshtha. 

a, o, r Scorpionis. 
. Mala. 

Ay Uy % ly Dy My Cy My € Scorp. 
. Parva-Ashadha, 

6, e Sagittarii. 

Uttara- Ashadha., 

o, ¢ Sagittarii. 
. Abhijit. 

a, &, ¢ Lyre. 
. Oravana. 

a, B, y Aquile. 
. Gravishtha. 

8, a, 7, § Delphini. 
. Catabhishaj. 

a Aquarii etc. 
. Pdrva-Bhadrapada. 

a, 8 Pegasi. 
. Uttara-Bhad:apada. 

y Pegasi, a Andromede. 
. Revati. 

g Piscium, etc. 
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. ash-Sharatin. 
. al-Butain. 
- ath-Thuraiya, 
. ad-Dabaran. a: Fi 
. al-Hak’ab. 
. al-Han’ah. 
. adh-Dhiré’. 
. an-Nathrah. 
. at-Tarf. 
. aj-Jabhah. 
. az-Zubrah. 
. as-Sarfah. 
. al-Auwa’, 
- as-Simak. 
- al-Ghafr. 
. az-Zubanan. 
. al-Iklil. 
- al-Kalb. 
. ash-Shaulah. 
. an-Na’dim. 
. al-Baldah. 
. Sa’d adh-Dhabih. 
- Sa’d Bula’. 
. Sa’d as-Su’dd. 
- Sa’d al-Akhbiyah. 
. al-Fargh al-Mukdim. 
- al-Fargh al-Mukhir. 


- Batn al-Hat. 


[viii. 9. 


Arab manzil. « Chinese sieu. 
27. Leu. 
6 Arietis. 
28. Oei. 
35 Arietis. 
1. Mao. 
n Tauri. 


8 and  Arietis, 
35, 39 and 41 Arietis. 
n Tauri etc. (Pleiades). 


, Tauri. 
3. Tse. 
4 Orionis. 
4. Tsan. 
6 Orionis. 
5. Tsing. 
p» Geminorum. 
6. Kuei. 
$ Cancri. 
7. Lieu. 
6 Hydre. 
8. Sing. 
a Hydre. 
g. Chang. 
ul Hydree. 
10. Y. 
‘  @ Crateris. 
11. Chin. 
¥ Corvi. 
12. Kio. 
a Virginis. 
13. Kang. 
‘x Virginis. 
14. Ti. 
a? Libre. 
15. Fang. 
w Scorpionis. 
16. Sin. 
o Scorpionis. 
17. Uei. 
u2 Scorpionis. 
18. Ki, 
7? Sagittarii. 
19. Teu. 
» Sagittarii. 
20. Nieu. 
8 Capricorni. 
a1. Nii. 
e Aquarii. 
22. Hiii. 
68 Aquarii. 
23. Goei. 
a Aquarii. 
24. Che. 
a Pegasi. 
25. Pi. 
7 Pegasi. 
26. Koei. 
¢ Andromedz. 


a, 3, 7, 5, € Tauri. 

A, pl, o? Orionis. 

n, By % 7, § Geminorum. 
B, « Geminorum. 

y, 5 Cancri, and Praesepe. 
"€ Cancri, A Leonis, 

a, n, 7, { Leonis. 

6, 3 Leonis. 

8 Leonis. 

8, n, 7, 5, € Virginis. 

a Virginis. 

1, x, & Virginis. 

a, B Libre. 

8, 6, r Scorpionis. 

a Scorpionis. 

A, v Scorpionis. 

97, 5, & ny D, o, 7, ¢ Sagittarii. 
N. of w Sagittarii. 

a, B Capricorni. 

é, un, v Aquarii. 

8, § Aquarii. 

a, 7, %, n Aquarii. 

a, B Pegasi. 

y Pegasi, a Andromede. 
8 Andromeda, etc. 
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viii. 9.] Sarya-Siddhanta. 469 


28. p.351. We have perhaps expressed ourselves in a manner liable 
to misconstruction as to the want of reason or authority for giving to 
the asterisms the name of “ lunar mansions,” “ houses of the moon,” and 
the like. We would by no means be understood as denying that in the 
Hindu science, especially its older forms, and in the Hindu mythology, 
they are brought into particular and conspicuous relations with the 
moon. Indeed, whether they were originally selected and established with 
reference to the moon’s daily progress along the ecliptic, as has been, 
until lately, the universal opinion, or whether we are to believe with M. 
Biot that they had in the first instance nothing to do with the moon, 
and only came by chance to coincide in number with the days of her 
sidereal revolution—it is at any rate altogether probable that to the 
Hindu apprehension this coincidence formed the basis of the system. 
We may even conclude, from the fact that the asterisms are so fre- 
quently spoken of in the early literature of the Brahmana period, 
while nevertheless there is no distinct mention of the planets until later 
(Weber, Ind. Lit., p. 222), that for a long time the Hindus must have 
confined their attention and observations to the sun and moon, paying 
no heed to the lesser planets: and yet we cannot regard it as in any 
degree probable—hardly as possible, even—that any nation or people 
could establish a system of zodiacal asterisms without discovering and 
taking note of the planets; or that such a system could have been com- 
municated to, and applied by, the Hindus, without a recognition on 
their part of those conspicuous and ever-moving stars. It may fairly be 
claimed, then, that the asterisms, as a Hindu institution, are an origin- 
ally lunar division of the zodiac; but we object none the less to their 
being styled “lunar mansions,” or called by any equivalent name; be- 
cause, in the first place, the Hindus themselves have given them no name 
denoting a special relation to the moon, and no name signifying “house, 
mansion, station,” or anything of the kind; and because, in the second 
place, as soon and as far as the Hindu astronomy extended itself beyond 
its limitation to observations of the moon, just so far and so soon did 
it employ the system of asterisms as a general method of division of 
the ecliptic ; so that finally, as pointed out by us above, the asterisms 
have come to be divested, in the properly astronomical literature of 
India, of all special connection with the moon. With almost the same 
propriety might we call the Hindu signs “luni-solar mansions”—since 
they are, by origin, the parts of the ecliptic occupied by the sun during 
each successive synodical revolution of the moon—as denominate the 
nakshatras of the Siddhantas “lunar mansions.” 


29. p. 353. We should have mentioned farther, that an additional 
inducement—and one, probably, of no small weight—to the reduction of 
the number of asteiisms from twenty-eight to twenty-seven, is to be 
recognized in the fact that the time of the moon’s sidereal revolution in 
days, though intermediate between the two numbers, is yet decidedly 
nearer to twenty-seven, exceeding it by less than a third. M. Biot 
might even claim with some reason that the choice of the number 
twenty-eight tended to prove the whole system not a lunar one by 
origin: yet it might be replied that, the time of revolution being dis- 
tinctly more than twenty-seven days, the larger number was fully admis- 
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sible, and that it was also in some respects preferable, as being one that 
could be halved and quartered. 


30. p. 417. In bringing this work to a close, we deem it advisable 
to present, in a summary manner, but more distinctly and connectedly 
than could properly be done in the notes upon the text, our conclusions 
as to certain points in the history of the Sarya-Siddhanta, and of the 
astronomical science which it represents. 

In the first place, Bentley’s determination of the age of the treatise 
we conceive to be altogether set aside by the considerations which we 
have adduced against it (note to i. 29-34); there is no reasonable 
ground for questioning that the Sarya-Siddhanta is, as the Hindus have 
long believed it to be, one of the most ancient and original of the works 
which present their modern astronomical science. How far the text of 
which the translation has been given above is identical in substance and 
extent with that of the original Strya-Siddhanta, is another question, 
and one not easy to solve. That it is not precisely the same is evident 
enough. Even the modern manuscripts differ from one another in sin- 
gle readings, in details of arrangement, in added or omitted verses. A 
comparison of the texts adopted and established by the different com- 
mentators would be highly interesting, as carrying the history of the 
treatise a step farther back; but to us only one commentary is accessi- 
ble, nor do we find anywhere any notices respecting the versions given 
by the others: in the absence of such, we may conclude that all pre- 
sent substantially the same text, and so are alike posterior to the model- 
ling of the work into its present form and with its present contents. 
But the indications of addition and interpolation, which we have had in 
so many cases to point out in our notes, are sometimes too telling to be 
misinterpreted. Farther than this we may not at present go: any de- 
tailed discussion of the subject must remain unsatisfactory, until a fuller 
acquaintance with other of the ancient treatises, and a more careful 
comparison of them with one another, shall throw upon it new light. 
A point of special interest connected with it is, whether the elements of 
mean motions of the planets do actually date from about the time 
pointed out by Bentley’s calculations. With regard to this we are far 
from being confident; but we do not regard it as impossible, or even as 
very improbable, that those elements, as presented by our text, have 
been the same from the beginning, never having undergone correction 
until the application of the bija, about A. D. 1500 (p. 168 etc.). And 
the date of that correction is calculated at least to suggest the suspicion 
that Muslim science may have had something to do with it. That 
observation, and the improvement of their system by deductions from 
observation, were ever matters of such serious earnest with the Hindus 
that they should have been led to make such amendments independ- 
ently, is yet to be proved. The most important alteration of which 
anything like direct proof is furnished is that which concerns the pre- 
cession of the equinoxes (note to iii, 9-12); and even here we would 
not undertake to say confidently what is the conclusion to be drawn. 
All such inquiries must remain conjectural, mere gropings in the twi- 
ight, until the position of the Sarya-Siddhanta in the Siddhanta litera- 
ture shall be better understood. What has given it so much greater 
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prominence and popularity than are enjoyed by the other works of its 
class, or from what period its preéminence dates, is unknown. There 
are treatises, like the Cakalya-Sanhité (add. note 1), which agree with 
it in all essential features; there are yet others, like the Soma and Va- 
sishtha Siddhantas, which are said (add. note 6) to vary little from it: 
whether any one among them all is original—and if any, which— 
whether in each case the relation is one of co-ordination or of subord' 
nation—we must be content for the time to be ignorant. 

One thing, however, is certain: underneath whatever variety may 
characterize the separate treatises, there exists a fundamental unity ; 
their differences are of secondary importance as compared with their 
resemblances ; they all represent essentially a single system. And this 
by no means in the same sense in which all modern astronomical works 
may be said to represent a single system. For the Hindu system is not 
one of nature; it is not even a peculiar method of viewing and inter- 
preting nature, from which, after it had once been devised by some con- 
trolling intellect, others had not the force and originality to deviate: it 
is a thoroughly artificial structure, full of arbitrary assumptions, of ab- 
surdities even, which have no foundation in nature, and could be in- 
vented by one as well as another. We need only to refer, as instances, 
to the frame-work of monstrous chronological periods (i. 14-23)—to 
the common epoch of the commencement of the Iron Age (note to i. 
29-34), with its exact or nearly exact (add. note 6) conjunction of all 
the planets—to the form of statement of the mean motions, yielding 
recurring conjunctions, at longer or shorter intervals—to the assump- 
tion of a starting-point for the planets from at or near ¢ Piscium (note 
to i. 27)—to the revolutions of the apsides and nodes of the planets 
(i. 41-44)—to the double system of epicycles (ii. 34-38)—to the deter- 
mination of the planetary orbits (xii. 80-90), etc., etc. These are plain 
indications that the Hindu science emanated from one centre; that it 
was the elaboration of a period and of a school, if not of a single mas- 
ter, who had power enough to impose his idiosyncracy upon the science 
of a whole nation. The question, then, of the comparative antiquity 
of single treatises is lost in the higher interest of the inquiry—when, 
where, and under what influence originated the system which they all 
agree in representing ? 

What our opinions are upon these points will not be a matter of 
doubt with any one who may have carefully looked through the preced- 
ing pages, although they have nowhere been explicitly stated. We re- 
gard the Hindu science as an offshoot from the Greek, planted not far 
from the commencement of the Christian era, and attaining its fully de- 
veloped form in the course of the fifth and sixth centuries. The grounds 
of this opinion we will proceed briefly to state. 

In considering such a question, it is fair to take first into account the 
general probabilities of the case. And there can be no question that, 
from what we know in other respects of the character and tendencies 
of the Hindu mind, we should not at all look to find the Hindus in pos- 
session of an astronomical science containing so much of truth. They 
have been from the beginning distinguished by a remarkable inaptitude 
and disinclination to observe, to collect facts, to record, to make indue- 
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tive investigations. ‘The old belief under the influence of which Bailly 
could form his strange theories—the belief in the immense antiquity of 
the Indian people, and its immemorial possession of a highly developed 
civilization—the belief that India was the cradle of language, myth- 
ology, arts, sciences, and religions—has long since been proved an error. 
It is now well known that Hindu culture cannot pretend to a remoter 
origin than 2000 B.C., and that, though marked by striking and emi- 
nent traits of intellect and character, the Hindus have ever been weak 
in positive science; metaphysics and grammar—with, perhaps, algebra 
and arithmetic, to them the mechanical part of mathematical science— 
being the only branches of knowledge in which they have independently 
won honorable distinction. That astronomy would come to constitute 
an exception to the general rule in this respect, there is no antecedent 
ground for supposing. The infrequency of references to the stars in 
the early Sanskrit literature, the late date of the earliest mention of the 
planets, prove that there was no special impulse leading the nation to 
devote itself to studying the movements of the heavenly bodies. All 
evidence goes to show that the Hindus, even after they had derived 
from abroad (p. 348) a systematic division of the ecliptic, limited their 
attention to the two chief luminaries, the sun and moon, and contented 
themselves with establishing a method of maintaining the concordance 
of the solar year with the order of the lunar months. If, then, at a later 
period, we find them in possession of a full astronomy of the solar sys- 
tem, our first impulse is to inquire, whence did they obtain it? A 
closer inspection does not tend to inspire us with confidence in it as of 
Hindu origin. We find it, to be sure, thoroughly Hindu in its external 
form, wearing many strange and fantastic features which are to be at 
once recognized as of native Indian growth; but we find it also to con- 
tain much true science, which could only be derived from a profound 
and long-coutinued study of nature. The whole system, in short, may 
be divided into two portions, whereof the one contains truth so success- 
fully deduced that only the Greeks, among all other ancient nations, can 
show anything worthy to be compared with it; the other, the frame- 
work in which that truth is set, composed of arbitrary assumptions and 
absurd imaginings, which betray a close connection with the fictitious 
cosmogonies and geographies of the philosophical and Puranic literature 
of India. The question presses itself, then, strongly upon us, whether 
these two portions can possibly have the same origin: whether the sci- 
entific habit of mind which could lead to the discovery of the one is 
compatible with those traits which would permit its admixture with the 
other. But most especially, could a system founded—as this, if origi- 
nal, must have been—upon sagacious, accurate, and protracted observa- 
tion of the heavenly bodies, so entirely ignore the ground-work upon 
which it rested, and refuse and deny all possibility of future improve- 
ment by like means, as does this Hindu system, in whose text-books 
appears no record of an observation, and no confessed deduction from 
observations; in which the astronomer is remanded to his text-book as 
the sole and sufficient source of knowledge, nor ever taught or coun- 
selled to study the heavens except for the purpose of determining his 
longitude, his latitude, and the local time? Surely, we have a right to 
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say that the system, in its form as laid before us, must come from an- 
other people or another generation than that which laid its scientific 
foundation; that it must be the work of a race which either had never 
known, or had had time to forget, the observing habits and the induc- 
tive methods of those who gave it origin. But the hypothesis that an 
earlier generation in India itself performed the labors of which the later 
system-makers reaped the fruit, is well-nigh excluded by the absence, 
already referred to, of all evidence in the more ancient literature of 
deep astronomical investigation: the other alternative, of derivation 
from a foreign source, remains, if not the only possible, at least the only 
probable one. We come, then, next to consider the direct evidences of 
a Greek origin. 

First in importance among these is the system of epicycles for repre- 
senting the movement, and calculating the positions, of the planets. 
This, the cardinal feature in both systems, is (il. 34-45) essentially alike 
and the same in both. Now, notwithstanding the fact that such second- 
ary circles do in fact represent, to a certain degree, true quantities in 
nature, there is yet too much that is strange and arbitrary in them to 
leave any probability to the supposition that two nations could Lave de- 
vised them independently. But there are sufficient grounds for believ- 
ing the Greeks to have actually created their own system, bringing it 
by successive steps of elaboration to the form in which Ptolemy finally 
presents it. In the history of the science among the Greeks, everything 
is clear and open; they tell us what they owed to the Egyptians, what 
to the Chaldeans: we trace the conceptions which were the germs of 
their scheme of epicycles, the observations on which it was based, the 
inductive and deductive methods by which it was worked out and estab- 
lished. In the Hindu astronomy, on the other hand, all is groundless 
assumption and absurd pretense: we find, as basis for the system, neither 
the conceptions—for these are directly or impliedly denjed or ignored 
—nor the observations—for not a mention of an actual observation is 
anywhere to be discovered—nor the methods: the whole is gravely put 
forth as a complete and perfect fabric, of divine origin and immemorial 
antiquity. On the agreement of the two sciences in point of numerical 
data we will not lay any stress, since it might well enough be supposed 
that two nations, if once set upon the same track toward the discovery 
of truth, would arrive independently at so near an accordance with na- 
ture and with one another. We will look for other evidences, of a less 
ambiguous character, to sustain our main argument. The division of 
the circle, into signs, degrees, minutes, and seconds, is the same in both 
systems, and, being the foundation on which all numerical measurements 
and calculations are made, is an essential and integral part of both. 
Now the names of the first subdivisions, the signs, are the same in 
Greece and in India (see note to i. 58): but with the Greeks they belong 
to certain fixed arcs of the ecliptic, being derived from the constellations 
occupying those arcs; with the Hindus they are applied to successive 
arcs of 30°, counted from any point that may be chosen: this is an un- 
ambiguous indication that the latter have borrowed them, and sy 
or neglected their original significance. But farther, the ordinary Hindu 
name of that division of the circle which is in most frequent use, the 
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minute, is no Sanskrit word, but taken directly from the Greek, being 
lipid, which is Aerrév. Again, the planets are ordinarily named in the 
Siddbantas in the order in which they succeed one another as regents 
of the days of the week; and not only has it been shown above that 
the week is no original Hindu institution, but it has even appeared that, 
on tracing it to its very foundation, we find there another Greek word, 
Gga, represented by hord. Once more, in the cardinal operation of find- 
ing by means of the system of epicycles the true place of a planet, we 
see that one of the most important data, the mean anomaly, is called 
by another name of Greek origin, namely kendra, which is xévrgor, 
These three words, occurring where they do, not upon the outskirts of 
the Hindu science, but in its very centre and citadel, amount of them- 
selves almost to full proof of its Greek origin: taken in connection with 
the other concurrent evidences, they form an argument which can nei- 
ther be set aside nor refuted. Of those other evidences, we will only 
mention farther here that Hindu treatises and commentaries of an early 
date often refer to the yavanas, “Greeks” or “ westerners,” and to ya- 
vandcdryds, “the Greek (or western) teachers,” as authorities on astro- 
nomical subjects—-that astronomical treatises are found bearing names 
which come more or less distinctly from the West (note to i. 4-6)—and 
that floating traditions are met with, to the effect that some of the 
Siddhantas were revealed to their human promulgators in Romaka-city, 
that is to say, at Rome. Farther witness to the same truth, deducible 
from other coincidences of the two systems, we pass unnoticed here, 
since it is not our object to discuss the question exhaustively, but only 
to bring forward the main grounds of our opinions. 

The question next arises, when, and in what manner the knowledge of 
astronomy was communicated from Greece to India. In reply to this, 
only probabilities offer themselves, yet in some points the indications 
are pretty distinct. It is, in our own view, altogether likely that the 
science came in connection with the lively commerce which, during the 
first centuries of our era, was carried on by sea between Alexandria, as 
the port and mart of Rome, and the western coast of India. Two con- 
siderations especially favor this supposition: first, that the chief site of 
the Hindu science is found to be the city which lay nearest to the route 
of that commerce (note to i. 62): secondly, that Rome is the only west- 
ern city or country which is distinctly mentioned in the astronomical 
geography (xii. 39), and the-one with which, as above noticed, the astro- 
nomical traditions connect themselves. Had the Hindus derived their 
knowledge overland, through the Syrian, Persian, and Bactrian king- 
doms which stood under Greek government, or in which Greek influence 
was predominant, and Greek culture known and prized, the name of 
Rome would have been vastly less likely to stand forth with such promi- 
nence, and the capitals of Hindustan proper would more probably have 
been the cradles of the new science. The absence from the Hindu 
system of any of the improvements introduced by Ptolemy into that of 
the Greeks (note to ii. 43-45) tends strongly to prove that the transmis- 
sion of the principal groundwork of the former took place before his 
time: nor can we think it likely that the numerical elements adopted 
by the Hindus would vary so much as in many cases they are found to 








Strya-Siddhdnta. 475 


do from those of the Syntaxis, if the latter had been already in existence, 
and acknowledged as the principal and most authoritative exponent of 
Greek astronomy. Whether the information was transmitted through 
the medium of Hindus who visited the Mediterranean, or of learned 
Greeks who made the voyage to India, or by the translation of Greek 
treatises, or by what other methods, we would not at present even offer 
a conjecture; and the point is one of only subordinate consequenee. 

Whatever may have been the date of the first communication of the 
elements out of which the Hindu system was elaborated, there is good 
reason to suppose that its final reduction to its present form did not 
take place until some time during the fifth and sixth centuries. That 
period is distinctly pointed out by the choice of the equinox of A. D. 
570 as the initial and principal point of the fixed sphere (note to i, 27), 
by the definition of position of the junction-stars of the asterisms (p. 355), 
and by the Hindu traditions which refer to that time the names of 
greatest prominence and authority in the early history of the science. 
It is evident that the elaboration of the system must have been a work 
of time, probably of many generations: what were the forms which it 
wore in the interval we do not know; here, as in many other depart- 
ments of the Hindu literature, all record of the steps of development 
appears to be lost, only the final and fully formed product being pre- 
served and transmitted to us: yet more light upon this point may still 
be hoped for, from the careful examination of all documents now ac- 
cessible, or of such as may hereafter be discovered. The process of 
assimilation and adaptation to Hindu conceptions and Hindu methods 
was thoroughly and completely performed. Among the changes of 
method introduced, the most useful and important. was the substitution 
of sines for chords (p. 200); the general substitution of an arithmetical 
for a geometrical form also deserves particular notice. That no great 
amount of geometrical science is implied in any part of the system, is 
very evident: it is distinguished by the constant and dexterous applica- 
tion of a few simple principles; the equality of the square of the hy- 
pothenuse to the sum of the squares of the base and perpendicular—the 
comparison of similar right-angled triangles—the formation and com- 
bination of proportions, the rule of three—are the characteristic features 
of the early Hindu mathematical knowledge, as displayed in the Sarya- 
Siddhanta. Of other treatises, of an earlier or later period, as those of 
Brahmagupta and BhAskara, which (see Colebrooke’s Hindu Algebra) 
give evidence of knowledge more profound in arithmetic and algebra, 
we cannot at present speak; but we hope at some future time to be able 
to revert to the subject of the Hindu astronomy, in connection with 
these or other of the text-books by which it is represented. 


Rev. Mr. Burgess, having placed his translation and notes in the 
hands of the Committee of Publication for farther elaboration, has very 
liberally allowed them entire freedom in their work, even where their 
deductions, and the views they expressed, did not accord with his own 
opinions. The most important point at issue between us is that dis- 
cussed in the next preceding pages, or the originality of the Hindu 
astronomy; upon this, then, he is desirous of expressing independently 
his dissenting views, as in the following note. 
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Conc.iupine Note By THE TRANSLATOR. 


It may not be improper for me to state, in a closing note, that I had 
prepared a somewhat extended and elaborate essay on the history of 
astronomy among the Hindus, to be published in connection with the 
preceding translation. But the length of this essay. is such—the subject 
matter of it not being material to the illustration of the Siddhanta, and 
the translation and notes having already occupied so much space—that 
it was not thought advisable to insert it here. 

Yet as my investigations have led me to adopt opinions on some 
points differing from those advanced by Prof. Whitney in his very valu- 
able additions to the notes upon the translation, truth and consistency 
seem to require me to present at least a brief summary of the results at 
which I arrived in that essay in reference to the points in question. By 
so doing, I free myself from any embarrassment under which I should 
labor, if hereafter—as I now intend—I shall wish to express the 
grounds for my opinions on these points, in this Journal or elsewhere. 

The points to which I allude bear upon the claims of the Hindus to 
the honor of original invention and discovery in astronomical science— 
especially, their claims to such an honor in comparison with the Greeks. 

Prof. Whitney seems to hold the opinion, that the Hindus derived 
their astronomy and astrology almost bodily from the Greeks—and 
that what they did not borrow from the Greeks, they derived from other 
people, as the Arabians, Chaldeans and Chinese (see pp. 178, 348, 350, 
et al.). Ithink he does not give the Hindus the credit due to them, 
and awards to the Greeks more credit than they are justly entitled to. 
In advancing this opinion, however, I admit that the Greeks, at a later 

eriod, were the more successful cultivators of astronomical science. 
There is nothing among the Hindu treatises that can compare with the 
great Syntaxis of Ptolemy. And yet, from the light I now have, I 
must think the Hindus original in regard to most of the elementary 
facts and principles of astronomy as found in their systems, and for the 
most part also in their cultivation of the science; and that the Greeks 
borrowed from them, or from an intermediate secondary source, to 
which these facts and principles had come from India. I might perhaps 
so far modify this statement as to admit the supposition that neither 
Greeks nor Hindus borrowed the one from the other, but both from a 
common source. But with my present knowledge, I cannot concur in 
the opinion that the Hindus are, to any great extent, indebted to the 
Greeks for their astronomy, or that the latter have any well grounded 
claims to the honor of originality in regard to those elementary facts 
and principles of astronomical science which are common to their own 
and other ancient systems, and which are of such a nature as indicates 
for them a single origin, and a transmission from one system to another. 
For the sake of clearness, it is well that I should state more specifically 
a few of the more important facts and principles that come under the 
class above referred to. They are as follows: 

1. The lunar division of the zodiac into twenty-seven or twenty-eight 
asterisms (see transl., ch. viii). This division is common, with slight 
modifications, to the Hindu, Arabian, and Chinese systems. 
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2. The solar division of the zodiac into twelve signs, with the names 
of the latter. These names are, in their import, precisely the same in 
the Hindu and Greek systems. The coincidence is such that the theory 
of the division and the names of the parts having proceeded from one 
original source is unquestionably the correct one. 

3. The theory of epicycles in accounting for the motions of the plan- 
ets, and in calculating their true places. This is common to the Hindu 
and Greek astronomies. At least, there is such a coincidence in the two 
systems in reference to the epicycles as almost to preclude the idea of 
independent origin or invention. 

4, Coincidences, and even a sameness in some parts, between the 
systems of astrology received among the Hindus, Greeks, and Arabians, 
strongly indicate for those systems, in their primitive and essential ele- 
ments, a common origin. 

5. The names of the five planets known to the ancients, and the ap- 
plication of these names to the days of the week (see notes, i. 52). 

In regard to these specifications I remark in general : 

First, in reference to no one of them do the claims of any people to 
the honor of having been the original inventors or discoverers appear to 
be better founded than those of the Hindus. 

Secondly, in reference to most of them, the evidence of originality I 
regard as clearly in favor of the Hindus; and in regard to some, and 
those the more important, this evidence appears to me nearly or quite 
conclusive. 

I have not space for detail, nor is it the design of this note to enter 
into the details of argument on any point whatever. A brief remark, 
however, for the sake of clearness, seems called for in reference to each 
of the above five specifications of facts and principles common to some 
or all of the ancient systems of astronomy and astrology. 

1. As to the lunar divisicn of the zodiac into twenty-seven or twenty- 
eight asterisms. The undoubted antiquity of this division, even in its 
elaborated form, among the Hindus, in connection with the absence or 
paucity of such evidence among any other people, incline me decidedly 
to the opinion that the division is of a purely Hindu origin. This is 
still my opinion, notwithstanding the views advanced by M. Biot and 
others in favor of another origin. e 

2. As to the solar division of the zodiac into twelve parts, and the 
names of those parts. The use of this division, and the present names 
of the signs, can be proved to have existed in India at as early a period 
as in any other country; and there is evidence less clear and satisfac- 
tory, it is true, yet of such a character as to create a high degree of 
probability, that this division was known to the Hindus centuries before 
any traces can be found in existence among any other people. 

As corroborative of this position in part, or at least as strongly favor- 
ing the idea of an eastern origin of the division of the ecliptic in question, 
I may be allowed to adduce the opinions of Ideler and Lepsius, as quoted 
by Humboldt (Cosmos, Harper’s ed., iii. 120, note): “Ideler is inclined 
to believe that the Orientals had names, but not constellations, for the 
Dodecatomeria, and Lepsius regards it as a natural assumption ‘that 
the Greeks, at the period when their sphere was for the most part 
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unfilled, should have added to their own the Chaldean constellations 
from which the twelve divisions were named.’” Whether Ideler meant 
by “Orientals” the Chaldeans, or some other eastern people, the appli- 
cation of the term in this connection to the Hindus exactly suits the 
supposition of the Indian origin of the division in question, since in 
Indian astronomy the names of the signs are merely names of the 
twelfth parts of the ecliptic, and are never applied to constellations. 
Humboldt’s opinion is, that the solar divisions of the ecliptic, with the 
names of the signs, came to the Greeks from Chaldea. I think the evi- 
dence preponderates in favor of a more eastern, if not a Hindu, origin. 

3. The theory of epicycles. The difference in the development of 
this theory in the Greek and Hindu systems of astronomy precludes 
the idea that one of these people derived more than a hint respecting it 
from the other. And so far as this point alone is concerned, we have as 
much reason to suppose the Greeks to have been the borrowers as the 
contrary; but other considerations seem to favor the supposition that 
the Hindus were the original inventors of this theory. 

4. As regards astrology, there is not much honor, in any estimation, 
connected with its invention and culture. The coincidences that exist 
between the Hindu and Greek systems are too remarkable to admit of 
the supposition of an independent origin for them. But the honor of 
original invention, such as it is, lies, I think, between the Hindus and the 
Chaldeans. The evidence of priority of invention and culture seems, on 
the whole, to be in favor of the former; the existence of three or four 
Arabic and Greek terms in the Hindu system being accounted for on 
the supposition that they were introduced at a comparatively recent 
period. In reference, however, to the word hord, Greek Gga (see notes 
to i. 52; xii. 78-79), it may not be inappropriate to introduce the tes- 
timony of Herodotus (B. II, ch. 109): “The sun-dial and the gnomon, 
with the division of the day into twelve parts, were received by the 
Greeks from the Babylonians.” There is abundant testimony to the 
fact that the division of the day into twenty-four hours existed in the 
East, if not actually in India, before it did in Greece. In reference, 
farther, to the so-called Greek words found in Hindu astronomical treat- 
ises, I would remark that we may with entire propriety refer them to 
that numerous class of words common to the Greek and Sanskrit lan- 

ages, which either came to both from a common source, or passed 
from the Sanskrit to the Greek at a period of high antiquity; for no 
one maintains, so far as I am aware, that the Greek is the parent of the 
Sanskrit, to the extent indicated by this numerous class of words, and 
by the similarity of grammatical inflections in the two languages. 

5. As to the names of the planets, I remark that the identity of all 
of them in the Hindu and Greek systems is not to my mind clearly 
made out. However this may be, I think the present names of the 
ae in Greek astronomy originated at least as far east as Chaldea. 

erodotus' says (B. II, ch. 52)... “the names of the gods came into 
Greece from Egypt.” The names of the planets are names of gods. 
Herodotus’s opinion indicates the belief of the Greeks in reference to 
the origin of these names. Other considerations show for them, almost 
beyond a question, an orig‘a as far east, to say the least, as Chaldea. 





Strya-Siddhdnta, 479 


As to the application of the names of the planets to the days of the 
week, it is impossible to determine definitely where it originated. Re- 
specting this matter, Prof. H. H. Wilson expresses his opinion—in which 
I concur—in the following language: “The origin of this arrangement 
is not very precisely ascertained, as it was unknown to the Greeks, and 
not adopted by the Romans until a late period. It is commonly 
ascribed to the Egyptians and Babylonians, but upon no very sufficient 
authority, and the Hindus appear to have at least as good a title to the 
invention as any other people” (Jour. Roy. As. Soc., ix. 84). 

Oné word on the claims of the Arabians to the honor of original in- 
vention in astronomical science. And first, they themselves claim no 
such honor. They confess to having received their astronomy from 
India and Greece. They had at an early period some two or three of 
the first Hindu treatises of astronomy. “In the reign of the second 
Abbasside Khalif Almanstir ... (A. D.'773), as is related in the preface 
to the astronomical tables of Ben-Al-Adami, published . . . A. D. 920, 
an Indian astronomer, well versed in the science which he professed, 
visited the court of the Khalif, bringing with him tables of the equa- 
tions of planets according to the mean motions, with observations rela- 
tive to both solar and lunar eclipses, and the ascension of the signs; 
taken, as he affirmed, from tables computed by an Indian prince, whose 
name, as the Arabian author writes it, was PuigHar” (Colebrooke’s 
Hindu Algebra, p. lxiv). That the Arabians were thoroughly imbued 
with a knowledge of the Hindu astronomy before they became ac- 
quainted with that of the Greeks, is evident from their translation of 
Ptolemy’s Syntaxis. It is known that this great work of the Greek 
astronomer first became known in Europe through the Arabic version. 
In the Latin translation of this version, the ascending node (Greek éva- 
BiBétwy odvdecuos) is called nodus capitis, “node of the head,” and the 
descending node (Greek xatafiBdtwr otvdeouos), nodus cauda, “node of 
the tail”—which are pure Hindu appellations (see Latin Translation of 
Almagest, B. iv, ch.4; B. vi, ch. 7, et al.). This fact, with other evidence, 
clearly shows the influence of Hindu astronomy on that of the Arabians. 
In fact, this latter people seem to have done little more in this science 
than work over the materials derived from their eastern and western 
neighbors. 

Another fact showing the belief of the Arabians themselves respect- 
ing their indebtedness, in matters of science, to the Hindus, should be 
mentioned here. They ascribe the invention of the numerals, the nine 
digits (the credit of whose invention is quite generally awarded to the 
Arabians), to the Hindus. “All the Arabic and Persian books of arith- 
metic ascribe the invention to the Indians” (Strachey, on the Early 
History of Algebra, As. Res., xii. 184; see likewise Colebrooke’s Hindu 
Algebra, pp. lii-liii, where the same is shown from a different authority. 
Strachey’s article was published subsequently to the work of Colebrooke). 

The above facts and considerations, showing the indebtedness of the 
Arabians to the Hindus in regard to mathematical and astronomical 
science, clearly have an important bearing on the question of priority 
of invention in regard to the lunar division of the zodiac into twenty- 
eight asterisms, at least so far as the Arabians are concerned. Taking 
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all the facts into account, the supposition that this people were the 
inventors is altogether untenable. 

I close this note—already longer than I intended—with a quotation 
from that distinguished orientalist, H. T. Colebrooke. In a very valu- 
able essay entitled “On the Notions of the Hindu Astronomers concern- 
ing the Precession of the Equinoxes and Motions of the Planets,” having 
stated with some detail some of the more striking peculiarities of the 
Hindu systems, and likewise coincidences existing between them and that 
of the Greeks, with the evidence of communication from one people to 
the other, he says: “If these circumstances, joined to a resemblance 
hardly to be supposed casual, which the Hindu astronomy, with its ap- 
paratus of eccentrics and epicycles, bears in many respects to that of 
the Greeks, be thought to authorize a belief, that the Hindus received 
from the Greeks that knowledge which enabled them to correct and im- 
prove their own imperfect astronomy, I shall not be inclined to dissent 
from the opinion” (As. Res., xii. 245-6; Essays, ii. 411). 

This is all that so learned and cautious a writer could say in favor of 
the opinion that the Hindus derived astronomical knowledge from the 
Greeks. More than this I certainly could not say. After the solar 
division of the zodiac, with the names of its parts, it is evident, I think, 
that only hints could have passed from one people to the other, and that 
at an early period; for on the supposition that the Hindus borrowed 
from the Greeks at a later period, we find it difficult to see precisely 
what it was that they borrowed; since in no case do numerical data and 
results in the systems of the two peoples exactly correspond. And in 
regard to the more important of such data and results—as for instance, 
the amount of the annual precession of the equinoxes, the relative size 
of the sun and moon as compared with the earth, the greatest equation 
of the centre for the sun—the Hindus are more nearly correct than the 
Greeks, and in regard to the times of the revolutions of the planets 
they are very nearly as correct: it appearing from a comparative view 
of the sidereal revolutions of the planets (p. 168), that the Hindus are 
most nearly correct in four items, and Ptolemy in six. There has evi- 
dently been very little astronomical borrowing between the Hindus and 
the Greeks. And in relation to points that prove a communication from 
one people to the other, with my present knowledge on the subject, I 
am inclined to think that the course of derivation was the opposite to 
that supposed by Colebrooke—from east to west rather than from west 
to east; and I would express my opinion in relation to astronomy, in 
the language which this eminent scholar uses in relation to some coinci- 
dences in speculative philosophy and religious dogmas, especially the 
doctrine of metempsychosis, found in the Greek and Hindu systems, 
which indicate a communication from one people to the other: “I 
should be disposed to conclude that the Indians were in this instance 
teachers rather than learners” (Transactions of the Roy. As. Soc., i. 579). 
This opinion is expressed in the last essay on oriental philosophy that 
came from the pen of Colebrooke. E. B. 


Boston, May, 1860. 
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SANSKRIT INDEX. 


THE following Index contains all the Sanskrit words, excepting proper names, 
which have been cited in the text and notes, in connection with their translation or 
more detailed explanation. It includes many terms of trivial importance, but we 
prefer to err upon the side of fullness, if upon either. All the cases of occurrence 
of each word are not given, but it is referred to a characteristic passage, or to the 
note where it is explained. The references by Roman and Arabic figures are to 
chapter and verse, and an added m denotes the note next following the verse given : 
Arabic figures when used alone refer to pages. 


anga, i. 28 n. ayanakalds, vii. 12 n. 
ancuvimarda, vii. 19. ayanagraha, vii. 12 n. 

aksha, i. 60 n. ayanadrkkarman, vii. 12 n. 
akshadrkkarman, vii. 12 n, ix. 5 n. ayandnea, 249. 

akshabhd, iii. 18 n. ayandnta, xii. 72 n. 
akshonnati, i. 60 n. | arka, add. n. 8. 

agrajyd, iii. 7 n. arkaja, add. n. 3. 
agramdurvikd, iii. 27. arkdgrd, iii. 23. 

agrd, iii. Tn arjuni, add, n. 26. 

aghds, add, n. 26. aloka, xiii. 16 n. 

angdraka, add. n. 3. avanati, v. 1 n. 

angula, iii. 5 n, x. 9. acvattha, add. n. 26. 

aja, i. 58 n. agvayujadu, 32'7. 

aja ekapdd, 343. acvini, agvini, agvindu, 32°. 
anu, vil. 19. ashddha, 338. 

ativegita, ii. 11 n. asavas, iii. 45 n. 

atigighra, ii. 13. asita, x. 15 n. 

aditi, xii. 28 n. asu, i,12 n: and see asavas. 
adhikdra, i.'70 n, xi. 28 n. asura, i. 2, xii, 83. 
adhimdsa, adhimdsaka, i, 40 n. asta, ix. 1 n. 

adhydtma, xii. 11. astamgachant, xiii. 18. 
adhydya, xi. 23n, xii. 10. astamana, astamaya, ix. 1 n. 
anuraddhd, 336. astalagna, xiii. 15 n. 
anuvakra, ii, 12. astaneds, ix, 5 n. 
anushnagu, add. n. 8. asphuta, v. 7. 

antara, xi. 18 n. ahankéra, xii. 20. 
antaralagndsavas, iii. 50 n. ahargana, i. 51 n. 

antyd, iii. Tn. ahi budhnya, 348, ix. 18. 
andhakd, add. n. 26. ahordtra, iii. 51 n. 
apakrama, i. 70 n. : 
apakramamandala, xiii. 13 n. dkdea, xii, 90 n. . 
apabharani, 328. dksha drkkarman, vii. 12 n. 
apamandala, xiii. 13 n. dksha valana, iv. 25n. 
apasavya, Vii. 19. dgneya, viii. 18. 
apasavyam, xii, 72 n. adi, xii. 15. = 
apdmvatsa, viii, 21 n. dditya, viii. 19, xii. 28 n. 
abhijit, 339. dpa, dpas, 338, viii. 21 n. 
amarejya, add, n. 38. dpya, Vili.4. 
amdvasy4, ii. 66 n, iv. 7. dyana graha, vii. 12 n. 
amirta, i. 10. dyana drkkarman, vii. 12 n. 
amrtasrdva, xiii. 19 n. dyana valana, iv. 25 n. 
ayana, iii. 10, 249, xii. 72 n. drki, add. n. 8. 
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drdrd, 330. 
dryikd, add. n. 26. 
alt, i. 58 n. 

durtya, iii. 12 n. 
dereshd, 332. 
d¢leshd, 332. 
dsannatd, xii, 72 n. 


indu, add. n. 3. 
invakd, add. n. 26. 
ilvald, add. n. 26. 
ishu, add.n. 16. 
ishta, i. 58 n. 


ucea, i, 33, 34 n, ii. 5 n. 
utkramajyd, ii. 27 n. 
utkramajydrdhapindaka, ii. 22. 
uttara, vi. 12 n, 333. 

uttara khanda, xi. 23 nu. 
uttardyana, iii. 12 n. 

udaya, v. 3n, ix. 1 n. 
udayajyd, v. 3 n. 
udayaprdnds, ii. 59 n. 
udaydsavas, ii. 59 n, iii. 43 n. 
udaydstddhikdra, ix. 1 n. 
unnata, iii. 89 n, iv. 26. 
unmandala, iii. 6 n. 
unmandalacankzu, iii. 84 n. 
unmilana, iv. 17 n. 

ullekha, vii. 18. 


urdhvam, xiii. 10 n. 


tirdhva ydmyottaravrtta, xiii. 15 n. 


reas, xii. 17. 

rju, ii. 13. 

rna, ii. 5 n. 

rtu, xiv. 10n. 

rshi, viii. 21 n, xiv. 26. 


ekadeca, xi. 18 n. 
ekdyanagata, xi. 50, 18 n. 


dindra, xi, 21. 
oja, ii, 35. 


kakshd, iv. 8 n, xii. 65 n, xiii. 4. 
kadamba, v. 1 0. 

kanyd, i. 58 n. 

kapdla, v.17 n, xiii. 22 n. 
kapila, vi. 23. 

karana, ii. 67, 69 n. 

karani, iii. 80, 84n. 

karka, karkata, i. 58 n. 

karna, ii. 41, iii. 23 n, iv. 21n. 
karman, ii. 42, vii. 12 n, 
kalana, i. 10 n. 

kald, i. 12 n, 28. 

kali, i, 17 n. 

kali yuga, i. 17 n. 

kalpa, 1. 19. 
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kdpdlika, viii. 18 n. 
karmuka, add. n. 16. 
kdla, i. 10 n, ii. 69n. 
kdlagati, ix. 11n. 
kdlabhdgds, ix. 5n. 
kdlasddhana, iii. 50. 
kdldneds, ix. 5 n. 
kdshthd, i, 12 n. 

kuja, add. n. 3. 

kujyd, ii. 63 n. 

kutila, ii. 12. 

kumbha, i. 58 n. 

kita, vii. 22. 

krta, i. 17 n. 

krta yuga, i. 17 n. 
kritikd, 328. 

krshna, xiv. 117. 
krshnatdmra, vi. 28. 
krshna paksha, i. 51 n. 
kendra, ii. 80n, 45 n. 
koti, ii. 830n, x. 15n, add. n. 16. 
kotijyd, ii. 830 n, add. n. 16. 
kotijydphala, ii. 39 n. 
kotiphala, ii. 89 n. 

kona, iii. 84n. 
konacanku, iii. 34 n. 
kranti, i. '70 n. 
krantijyd, ii. 28 n. 
krdntipdta, 230. 
krdéntipdtagati, iii, 12 n. 
krdntimandala, xiii. 13 n. 
krdntivrtta, xiii. 13 n. 
kroca, i. 60 n. 

kshana, i. 12n. 

kshaya, i. 40 n, xii. 72 n. 
kshiti, ii. 63 n. 

kshitija, iii. 49 n, v. 1 n. 
kshitijyd, ii. 63 n. 
kshep, i. 70 n. 

kshetra, ix. 16 n, xiii. 11. 
kshetrdneds, ix. 16 n. 
kshetriya, 337. 

kshepa, iv. 21n, v. 6n. 


khacara, add, n. 22. 
khacdrin, add. n. 22. 
khamadhya, v. 1 n, xiii. 14. 


gana, i. 28n. 

ganda, xi. 22 n. 
ganddnta, xi. 21, 22. 
gati, v. 6n. 

garbha, v. 1n. 

guru, xiii. 2, add. n. 3. 
gurvakshara, i, 12n. 
guhyaka, xiii. 3 n. 

gola, v. 1n. 

gduna, i. 13n. 

grasta, vi. 13, ix. 9. 
graha, iv. 6n, add. n. 22. 
grahana, iv. 6 n, vi. 4. 
grahayutyadhikdra, vii. 1 n. 
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grasa, iv.11n, 15 n, 20. 
grahaka, iv. 9n. 
grahya, iv. 9n. 


ghati, xiii. 23 n. 
ghatikd, i. 12 n, xiii, 23 n. 


cakra, iii. 12 n, xiii, 21 n, 
caturasra, iii, 5 n. 
caturyuga, i. 15, 17 n. 
catushpada, ii. 69 n. 
candra, add. n. 8. 
candragrahanddhikéra, iv. 26 n. 
candradicas, x. 15 n. 

cara, ii. 68n, 68, xiv. 6n. 
carakalds, 454. 
carakhanda, iii. 44 n. 
carajyd, iii. 36 n. 
caradala, ii. 63 n. 

cala, ii. 40. 

cala karna, ii. 42 n. 

cdpa, add. n. 16. 

citrd, 334. 


chandas, xii, 15. 
chddaka, iv. 9 n. 
chddya, iv. 9n. 
chayd, iii. 5 n. 
cheda, iii. 85, v. 7. 
chedyaka, vi. 1n. 


jambidvipa, xii. 44n. 
jayin, vil. 21. 

jita, vii. 20. 

jiva, add. n. 3. 

jivd, ii, 27 n. 

jira, add. n, 3. 

jy4, ii. 27n, add. n. 16. 
jy4pinda, ii. 27 n. 
jy4pindaka, ii. 31. 
jyardha, ii, 27 n. 
jyardhapinda, ii, 16. 
jyeshtha, 336. 
Jyotishopanishadadhydya, xiii. 8 n. 
jyotis, i. 3n. 


tat, xii. 12. 

tatpara, i. 12n. 
tamas, vi. 11. 
tallagndsavas, ix. 11. 
tdjika, vii. 28. 


tdrakd, tard, vii. 1 n, viii. 16, 19, xii. 48. 


tdrdgraha, vii. 1 n. 
tigmdngu, add. n. 3. 
tithi, i. 18, ii, 66 n. 
tithikshaya, i. 40 n, 
tithyanta, v.18n. 
timi, iii. 5 n. 
tiryaksitra, x. 15 n. 
tiryagjyd, xiii. 13 n. 
tishya, 331. 
tikshndngu, add. n. 8. 
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tuld, i. 58 n. 

torana, 335. 
tringatkrtvas, iii. 12 n. 
tringatkrtvas, iii. 12 n. 
trikona, iii, 34 n. 
tricatuhkarna, vii. 14n, 
trijivd, ii. 60 n. 

trijyd, ii. 60 n. 
tripragnddhikdra, ii, €9 n. 
tribhajivd, —jyd, -mdurvikd, ii, 60 n. 
tribhonalagna, v. 1 n. 
truti, i. 12 n. 

tretd yuga, i. 17 n. 


dakshina, vi. 12 n. 
dakshindyana, iii, 12 n. 
danda, i. 12n, 60n., 
dasra, viii. 9. 
dinakara, add. n. 3. 
dinardg¢i, i. 28n, 51 n. 
dinavydsadala, ii. 60 n. 
divdkara, add. n. 8. 
dig, ii. 69n, v. 2. 
drkkarman, vii. 12 n. 
drkkshepa, v. 6 n. 
drktulyatd, vii. 18n. 
drktulya ete., xi. 8n. 
drggati, v. 6n. 
drggatijivd, v. 'T. 
drqgjyd, v. 6n. 
drglambana, v. 1 n. 
drgurtta, v. 1n. 
dre, ii. 14, iii, 84n, v. 6n. 
dreydneds, ix. 5 n. 
deca, ii, 69n, v. 2. 
decdntara, i. 61 n. 
decdntaraphala, ii. 89 n, 484. 
ddivata, ii. 10. 

jyd, ii, 48, 
au 30n, add. n. 16. 
dyugana, i, 51 n. 
dyujyd, ii. 60 n. 
dvdpara yuga, i.17 n. 
dvisvabhdva, xiv. 4. 
dvipa, xii. 44 n, 


dhana, ii. 5 n, 

dhanin, 340. 

dhanishthd, 340. 

dhanus, i.58n, 60n, xiii. 21n, add.n.16. 
dhishnya, viii. 1 n, xi, 21. 

dhruva, ii. 67, viii. 1 n. 

dhruvaka, viii. 1 n. 

dhruvatdrd, xii. 48. 


nakshatra, 361. 
nakshatragrahayutyadhikédra, viii. 1 n. 
nata, iii, 16, 17 n. 

natajyd, iv. 25 n. 

natabhdgds, iii. 17, 

naténgds, iii, 21. 

nati, v. ln. 
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nara, xiii, 22 n. 
narayantra, xiii, 24. 
ndkshatra, x. 5 n. 

ndga, ii. 67, 69 n, xii, 83. 
nddi, i, 12n, xiii, 23 n. 
nddikd, i. 12n, xiii, 23 n. 
nimilana, iv. 17 n. 
nimesha, i. 12 n. 
niraksha, xii. 44 n. 
nirrti, 337. 

nicdkara, add. n. 8. 
nic¢dpati, add. n. 3. 
nishtyd, 335. 


paksha, ii. 66 n. 

pada, ii. 29, viii. 5, 341. 
para, i. 21 n. 

parama, i. 70n. 


parumakranti, ~jyd, ii, 28 n. 


paramdnu, i. 12 n. 
paramdpakrama, ii, 28 n. 
param dyus, i. 21 0. 
pardrdha, i. 21n. 
paridhi, ii. 38n. 
parilekha, vi. 1p. 
parilekhadhikdra, vi. 1p. 
paryanka, 333. 
parvan, iv. 8n, xiv. 16n. 
parvanddyas, iv. 8 n. 
parvavinddyas, v. 3. 
parvanta, xiv. 16 n. 
pala, i. 12n, xiii. 23 n. 
palabhd, iii. 13 n. 
pagedt, vi. 12 n. 

dta, i. 32, xi. 5 n. 
patddhikdra, xi, 5 n. 
patdla, xii. 33. 
padma, i, 23 v. 
péradard, xiii, 22 n. 
pinda, ii. 27 n. 
pitaras, 332. 
pitrya, viii. 18. 
punarvasu, 330. 
purusha, xii. 12. 
pushya, 331. 


pérnamd, pirnimé, ii. 66 n. 


pérnimdnta, xiv. 16 n. 

purva, 333. 

puérva khanda, xi. 23 n. 

pushan, 343. 

prsitha, v. 1 0. 

pdurnamdsi, ii. 66 n. 
dushnya, xi. 21. 

prakrti, xii. 13. 

pragraha, iv. 15n. 

pragrahana, v. 16. 

pratishthana, add. n. 26. 

prabhd, iii. 5 n. 

praména, v. 13. 

pravaha, ii. 8. 

pragna, 419. 

praci, iv, 25 n, add. n. 28. 
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prdiic, vi. 12 n. 
prana, i. 12n. 
proshtha, 341. 
proshthapadd, 341. 


phala, iii. 34n. 
phalguni, 333. 
phdlguni, 333. 


bala, vii. 20. 

bali, 336. 

balin, vii. 21. 
bdérhaspatya, viii. 18. 
bdrhaspatya mana, i. 55n. 
bdhu, ii. 80 n, add. n. 16, 26. 
bahujyd, ii, 30. 
bihuphala, ii, 39 n. 

bija, i. 9n, 34n. 

budha, add. n. 8. 
brhaspati, add. n. 3. 
brahman, xii. 12. 
brahmahrdaya, viii. 12 n. 


bha, i. 27 n, iii. 12 n. 
bhagana, i. 27 n, ii, 1, xii. 6. 
bhacakra, ii. 46, 
bhadra, 341. 
bhadrapada, 341. 
bharani, 328. 
bhasandhi, xi. 21 n. 
bhd, iii. 5 n. 

bhaga, i. 28 n. 
bhadrapada, 341. 
bhdnu, add. n. 8. 
bhdrgava, add. n. 3. 
bhdskara,-add. n. 8. 
bhuktdsavas, iii. 49 n. 
bhukti, i. 27 n. 

bhuj, i. 27 n. 

bhuja, ii. 30 n, iii. 5 n, add. n. 16. 
bhujajyd, ii. 30 n, add. n. 16. 
bhujajydphala, ii. 39 n, 
bhujaphala, ii. 39 n. 
bhujasitra, iii. 5. 
bhigola, xii. 32. 
bhigoldidhydya, xi, 23 n. 
bhiiputra, add. n. 3. 
bhitbhagola, xiii. 3 n. 
bhimigola, xiii. 3 n. 
bhiimiputra, add n. 3. 
bhitsuta, add. n. 8. 
bhrgu, add. n. 3. 
bhrguja, add, n. 3. 
bheda, vii. 18. 

bhoga, ii. 64. 
bhogydsavas, iii. 49 n, 
bhduma, add. n. 8. 
bhramana, xii. 16. 


makara, i. 58 n. 
maghd, 332. 
mainca, 838. 
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mandala, x. 15n, xi. 18 n, xii. 76. 
matsya, iii. 5 n. 

madhya, i. 70n, xiii, 15 n, 
madhyakarna, iii. 23 n. 
madhyagrahana, v. 13 n, 
madhyajyd, Vv. 5n. 
madhyapdta, xi. 5n, 
madhyabha, v. 1. 
madhyama, xiii, 14, 
madhyamddhikara, i. 70 n. 
madhyarekhd, i, 62 n. 
madhyalagna, iii. 49n, xiii, 15 n. 
madhyasthityardha, v. 13 n. 
madhydhna, x. 8 n. 
madhye, xiv. 14 n. 

manu, i. 19 n. 

manda, ii. 5n, 12, add. n. 8, 
mandakarman, Vii. 15 n. 
mandakendra, ii. 30 n. 
mandatara, ii. 12. 
mandaparidhi, ii. 34. 
mandaphala, ii. 44. 
manducca, i. 34 n. 
manvantarae, i. 19n. 
maharshi, i. 8, xii. 35. 
mahdbhita, xii. 23. 
mahdyuga, i. 17 n. 
mahdcanku, add. n. 21. 
mana, iv. 3n, xiv. 2 n. 
mdnddhydya, xiv. 2 n, 
mdnda karman, ii. 43 
manda phala, ii. 89. 
mdsha, xiii. 23 n. 

mitra, 336. 

mithuna, i. 58 n. 

mina, i. 58 n. 

mukha. xiv. 6 n. 

mukhya, i. 18n. 

muhirta, i. 12 p. 

miurta, i. 10 n. 

mila, 337. 

mrga, i. 58 n, 
mrgavyddha, viii. 12m 
mrgagiras, 329. 
mrgacirsha, 329. 

melaka, vii. 1 n. 

mesha, i. 58 n. 

mditra, viii. 18. 

moksha, iv. 15 n. 
mdurviké, ii, 27 n. 


yajinshi, xii. 17. 
yantra, xiii. 19. 
yashti, xiii. 21 n. 
ydmyottara-rita, iv. 260, xiii. 15 n. 
yugt, i. 17n, 58 n. 
yugma, ii. 30. 
yuti, vii. 1 n. 

ha,vii, In. 
ae ii, 65 n, vii. 1 n, add. n, 19. 
yogatdrd, 323. 
yogatdrakd, viii. 19. 
yojana, i, 60 n. 

VOL. VI. 





ranhas, ii. 8 n. 

ravi, add. n. 3. 
rakshasa, i. 62. 

rd¢i, i. 28 n. 

rahu, ii. 8 n. 

rekhd, i. 61 n. 
renugarbha, xiii. 22 n. 
revati, 343. 

rohini, 329. 
rdudrarksha, ix. 34. 


lagna, iii. 48, 49 n. 
lagndntaraprands, ix. 5. 
lagndntardsavas, x. 2. 
lagndsavas, iti, 47. 
lankodayds, xiii. 14. 
lankodaydsavas, iii. 49 n. 
lamb, i. 27 n, iii. 12 n. 
lamba, i. 60 n. 
lambajyd, i. 60. 
lambana, v. 1n. 

liptd, i, 28 n. 

liptikd, i. 28 n. 
lubdhaka, viii. 12 m. 
loka, xiii. 16 n. 


vakra, ii, 12. 
vakragati, viii. 15. 
vakrin, ii. 54. 

varsha, xii, 44 n. 
valana, iv. 25 n. 
valandneds, iv. 25 n. 
vali, 336. 

vasu, 330. 

vastra, xiii. 16. 

vdyava, viii. 19 n. 
vara, i. 52 n. 

varaha, i. 23 n. 

vdsava, ix. 18. 

vikald, i, 28, vii. 10. 
vikship, i. '70 n, viii. 12. 
vikshepa, i. 70 n. 
vigraha, vii. 22. 
viertdu, 387. 

vijita, vii. 21. 

vitasti, iii. 5 n. 

vidig, iii, 32. 
vidyddhara, xii. 81 m. 
vidhu, add. n. 8. 
vidhrta, vidhrti, xi. 5 ua. 
vidhvasta, vii. 21. 
vinddi, i. 12 n. 
viparita, xi. &n, xii. 72 m 
vimarda, iv. 15 n. 
vivasnané, add. n. 3, 
vicdkhd, 385, 338. 
vigve devds, 338. 
vixshama, ii. 30. 
vishuva, vishuvat, iii. 6 n. 
vishuvatprabhd, iti, 13. 
viskuvadbhd, iii. 't. 
viskuvadortta, iii. 6 n. 
vishuvanmandala, iii. 6 n. 
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vija, i. 84 n. 
vrtta, ii. 33 n. 
vrddhi, xii. 72 n. 
ercerka, i. 58 n. 
vrshan, i. 58 n. 

a, ii. 11 n. 
oan xii. 27. 
veddnga, i. 8 n. 
vdidhrta, vdidhrti, xi. 5 n. 
vdicva, viii. 4. 
vdishunati, xiii. 9. 
vdishnava, ix. 18. 
vyaksha, xii. 44 n. 
vyatipdta, xi. 5 n. 
vyoman, xii. 30. 


caka, add. n. 12. 
cakuni, ii. 69 n. 
canku, iii. 5n, 84 n. 
gankujivd, iii. 22. 
patabhixhaj, -shd, 341. 
gani, add. n. 3. 
¢andiccara, add. n. 8. 
sayyd, 338. 

¢ara, add. n. 16. 
cagdnka, add. n. 8. 
facia, add. n. 3. 
fagin, add. n. 3. 

géka, add. n. 12. 
cikhin, 360 note. 
sighra, i. 84 n, ii. 12. 
gighrakarman, ii. 37. 
cighrakendra, ii, 30 n. 
cighratara, ii. 12. 
gighraparidhi, ii. 55. 
gighraphala, ii. 44. 
cighrocea, ii. 5 n. 
fitagu, citadidhiti, citdngu, add. n. 3. 
gukra, add. n. 8. 
gukla, x. 4, 9. 

gukla paksha, i, 51 n. 
gulba, xiii. 22. 

¢rnga, x. 1n. 
¢rngata, 339. 
erngonnatyadhikdra, x. 1n. 
esha, iii. 51 n. 
¢dighrya, ii. 42, 43. 
crava, iii. 26, iv. 21 n. 
fravana, iv. 21 n, 840. 
gravishthd, 840. 
crond, 340. 


shadagitimukha, xiv. 6 n. 
samyoga, vii. 1 n. 


samvat, samvatsara, add. n. 12. 
sanskdra, 454. 





sanhitd, vii. 23 n, add. n. 1. 
sankramana, xiv. 10 n. 
sankrdnti, xiv. 3 n. 
sadhimra, vi. 23. 

sandhi, xi, 22 n. 
sannihitam saraa, i. 62 n. 
saptarshayas, xiii. 9. 
sama, ii. 12, iv. 25 n. 
samamandala, iii. 6 n. 
samamandalacanku, iii. 84 n. 
samasitra, xiv. 7 n. 
samdgama, Vii. ln, 20, 22. 
samdza, vi. 3. 

saras, i, 62 n. 

sarpds, 832. 

savana, xiv, 19 n. 

savitar, xii. 28 n, add. n. 8. 
savyam, xii. 72 n. 

sdméni, xii. 17. 
sdmpradayika, vii. 14 n. 
sdyana, 439. 

sdrpa, viii. 19. 

sdvana, i. 12, xiv. 19 n. 
sinha, i. 58 n. 

siddha, xii. 28. 

siddhdénta, add. n. 1. 
sidhya. 381. 

sura, xii. 41. 

stici, iv. 5 n. 

sutra, xiii. 22 n. 

stirya, add, n. 8. 
stryagrahanddhikdra, iv. 26 . 
stiryatanaya, add. n. 8. 
suryadicas, x. 15 n. 

soma, add. n, 3. 

sdumya, viii. 16, add. n. 8. 
sdura, i. 18, xiv. 3p. 
sthiti, iv. 15 n. 

sthira, xiv. 6 n. 

sthila, viii. 19. 

sparea, iv. 15 n. 

spashta, ii. 58. 
spashtddhikdra, i, 70 n. 
sphuta, i. 60. 
sphutasthityardha, v. 17 0. 
sphutikarana, ii, 14. 
srotas, xii. 26. 

svdti, sudti, 335. 


harija, v. 1 n. 

hasta, i. 60 n, 884. 

hdni, xii. 72 n. . 

himadidhiti, himaragmi, himdngu, add. 
n. 8. 

hiranyagarbha, xii. 15. 

hutabhuj, viii. 12 n. 

hord, xii. 79 n. 





Sdrya-Siddhanita. 


GENERAL INDEX. 


The references are as in the preceding Index. 


Abhijit, 22nd asterism—identification etc., 
839; omission from the series, 352-4. 
Abu-r-Raihan, see al-Birdni. 
Aclesha, 9th asterism—identification etc., 
342; its last quarter unlucky, xi. 21. 
Acvina, 6th or 7th month—i. 51 n, xiv. 3n, 
16 n., . 

Acvini, 1st asterism—identification etc., 
327. 

Acvins, divinities of 1st asterism, 327. 

Aditi, divinity of 7th asterism, 331. 

Aditya, 331 ete., xii. 28 n. 

on, i. 19; day of Brahma, i. 20; names 
of past and current, i. 23 n. 

Agastya, name of star (Canopus), viii. 10. 

Age—Great Age, or Quadruple Age, how 
composed, i. 15-17; Golden, Silver, Bra- 
zen, and Iron Ages, i. 17n; quarter-Age, 
proper period of this treatise, 160. 

Agni—divinity of 3d asterism, 328; with 
Indra, divinity of 16th asterism, 335 ; 
name of star (3 Tauri), viii. 11. 

Albategnius, Arab inventor of sines, 200. 

al-Birdni—visit to India, and notices of 
Hindu astronomy, i. 3n, 6n; identifica- 
tion and description of the asterisms, 
825 etc., 352. 





[For other Arabic names commencing’ 
with the article, see the initial letter of 
the word fullowing the article. ] 
Altitude, sine of—name, 258, add. n. 21; 
how calculated, iii. 28-34, 34-36, 37-38 : 
instrument for taking altitude, xiii. 21 n. 
Altitude in time, iii. 39, iv. 26. 
Amplitude, sun's at horizon—sine of, iii. 
27: measure of, on the dial, iii, 7; its! 
constant ratio to hypoth, of shadow, iii. 
Tn; how calculated, iii. 22-23, 27-28. 
Amrta, name of a yoga, add. n. 19. 
Anala, 24th year of Jupiter's cycle, i. 55 n. 
Ananda—22nd year of Jupiter's cycle, i, 
55 n; name of a yoga, add. n. 19. 
Angiras, 40th year of Jupiter's cycle, i. 55 n. 
Angle, a quantity not employed in Hindu 
astronomy, 259. 
Anomalistic revolutions of planets, 207 
Anomaly, mean—name, ii, 29; how reck- 
oned, ii. 29 n. 
Anquetil du Perron, notice of the Parsi 
asterisms etc,, 324. 
Antipodes, Hindu view of, xii, 51-53. 





Anuradha, 17th asterism—identification 
etc., 336. 

Anuvatsara, 4th year of lustrum, xiv. 17 n. 

Apaémvatsa, name of star (9 Virginis), viii. 
21. 

Apas, name of star (8 Virginis), viii. 21. 

Aphelion, 159—see A psis. 

Apogee, 159—see Apsis. 

Apparent longitude, vii, 12n; term how 
used by Colebrooke, viii. 1 n. 

Apsis—term how employed in this work, 
159: apsides of the planets, mode of 
action, li. 1-5 ; revolutions, i.41-42; how 
devised, i. 44; positions, ace. to dif- 
ferent authorities, i, 44; compared 
with Ptolemy’s, add. n. 11. 

For moon’s apsis, see Moon. 

Arab astrology, connection with Hindu, 
vii. 23 n. 

Arab use of sines, later than Hindu, 200, 

Arab lunar mansions, 324; identified and 
compared with Hindu and Chinese, 327- 
344; character and origin of system, 
347 etc.; stellar chart illustrating, add. 
n, 27. 

Arc—names of, and of its functions, add. 
n. 16: part of are determining sine, ii. 
30; to tind arc of a given sine, ii. 33. 

Ardra, 6th asterism—identification etc., 
830, add, n. 26. 

Armillary sphere—construction, equip- 
ment, and revolution of, xiii. 1-20; its 
use, and cumparison with those of other 
nations, xiii, 3n; its adaptation to ob- 
serving polar longitude and latitude, 
viii, 12 n. 

Aryabthatta—his period and writings, add. 

n. 1; references to his doctrines, i. 27 n, 

i. 60 n, add, n.18—see Arya-Siduhanta, 

Laghu-Arya-Siddhanta, Arydshtagata, 

Dacagitika. 

Aryabbatta, commentator on the Siarya- 
Siddhanta, add, n, 2. 

Aryaman, divinity of 11th or 12th aster- 
ism, 334, 

Aryashtagata, treatise by Aryabbatta, add. 


| 





n. 1, 
Arya-Siddhanta, add. n. 1: citations of its 
teachings, 168, i. 44 n, add, n. 6. 
Ascension—see Right ascension and Ob- 





lique ascension, 
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Ascensional difference, how calculated, ii. 
61-62. 

Ascensional equivalents—see Right ascen- 
sion and Oblique ascension, 

Ashadha, 20th and 21st asterisms—identi- 
fication etc., 338. 

Ash&dha, 8rd or 4th month, i. 51n, xiv. 
3 n, 16n. 

Aspects, unfavorable, of sun and moon, 
when of like declination, xi. 

Asterisms—Hindu name for, 351; how to 
be translated, 351, add. n. 28: their por- 
tions, or divisions of the ecliptic belong- 
ing to them, ii, 64, 328, 351: their june- 
tion-stars, 323; time and motive of se- 
lection, 851; names, add. n. 19; situa- 
tion in each group, viii. 16-19; mode of 
definition of position, viii, 1n; defined 
positions, viii. 2-9; illustrative figure, 
822; discordance of authorities, 326; 
errors of position examined, and time of 
definition deduced, 855; mode of ob- 
servation of positions, viii. 12 n; detailed 
identification of the groups and their 
junction-stars, with statement of names, 
symbols, divinities, defined positions, 
ete, comparison with Arab mandzil 
al kamar and Chinese sieu, 327-344 ; 
additional synonyms of names, add, n. 
26; inability of later Hindus to point 
them out, 325; al-Birdni’s information 
respecting them, 325 etc. 352, 353; 
conspectus of correspondences of the 
three systems, 344; stellar map illus- 
trating their relations, add. n. 27; Bi- 
ot’s views of their origin and connee- 
tion, 345 ete.; age of the system in In- 
dia, 8347; discussion of its character, 
connections, and origin, 347 etc.; trans- 
fer of first rank from Krttika to Agvini, 
$50; relation to the moon, 352, add. n. 
28; variation in number, and omission 
of Abhijit, 352. 
conjunction of planets with asterisms, 
viii. 14, 15; systems of yogas founded 
upon, 356, add. n. 19; heliacal settings, 
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Atiganda, 6th yoga, ii. 65 n. 

al-Auwa’, 13th manzil, 334. 

Avanti, name of Ujjayini, i. 62. 

Ayin-Akbari—orbits of the planets, as 
given by, 899, note; description of in- 
strument for measuring time, xiii. 23 n. 

Ayushmant, 8rd yoga, ii. 65 n. 


Bahudhanya, 46th year of Jupiter's cycle, 
i, 55n. 

Bailly—his views of Hindu astronomy, 
introd. n, 472; mean positions of the 
planets at beg. of Iron Age, 162: other 
references to his works, 218, 438. 

Balava, 3rd etc. karana, ii. 69 n. 

al-Baldah, 21st manzil, 339. 

Banij, 7th etc. karana, ii 69n, 

Base of a right-angled triangle, ii. 30 n, 
add. n. 16. 

Base-sine = sine, ii. 80 n, add, n. 16. 

Base of the gnomon-shadow, iii. 5n, 23- 
25. 

Batn al-Hit, 28th manzil, 343. 

|Bava, 2nd ete. karana, ii. 69 n. 

Bentley, introd. note ; his views of Hindu 
astronomical literature, i. 3n, 168; 
method of determining the age of a Sid- 
dhanta,164; applied to Sdrya-Siddhanta, 
and conclusion drawn, 165 ; criticism of 
his method and results, 16¢ etc; gene- 
ral estimate of his labors, 168, add. n. 8; 
his view of Hindu precession, 248 ; of 
asterisms, 338 ; other citations from and 
references to his works, 162, 1638, 172, 
218, 247, add. n. 1, 4, 6, 8, 470, 

Bhadragva, name of a clime, xii. 38, 

Bhadrapaddé, 26th and 27th asterisms— 
identification etc., 341, add. n. 26, 

Bhddrapada, 5th or 6th month, i, 51 n, xiv. 
8n, 16n. 

Bhaga, divinity of 11th or 12th asterism, 
334. 

Bharani, 2nd asterism— identification etc., 
328. 

Bharata, name of a clime, containing In- 
dia, xii. 39, 

Bhaskara, add, n. 1—see Siddhanta-(iro- 





_ ix. 12-15, 17-18; orbit and revolution, 
xii. 73, 80, 90 n. 

Astrology—generally treated in distinct 
works, vii. 23n; titles of astrological 
works, vii. 23n; connection of Hindu 
with Greek and Arab, vii. 23n: astro 
logical import of conjunctions of plan- 
ets, vii. 18-23; of splitting of Rohini’s 
wain, viii. 13n; of equality of declina- 
tion of sun and moon, xi; of sun's en- 
trance into a sign, xiv. 11. 

Astronomy—see Greek astronomy, Hindu 
astronomy. 

Astronomical literature of Hindus, sum- 


mani. 

Bhava, 42nd year of Jupiter’s cycle, i. 55 n, 

Bhoja-Siddhanta, add. n, 1, 

Bhrcya (? Veshya?) 49th year of Jupi- 
ter’s cycle, i. 55n. 

Bhadhara, commentator on Sirya-Sid- 
dhanta, add. n, 2. 

Bija, correction of mean motions of plan- 
ets, 163 etc. i. 9n; table of mean mo- 
tions as so corrected, 164, add. n, 7. 

Biot—his views of crigin and history 6f 
Chinese siew, 325, 345 etc.; of Hindu as- 
terisms, 350 etc.; of omission of Abhijit, 








mary view of, add. n. 1. 


852; of Hindu sines, add. n. 15; other 








Sarya-Siddhdnta. 


references to and citations from his 
works, i, 44n, i. 670, 359, add. n. 10, 
17, 18, 27, 28, 29. 

Brahma—day of, i, 20; length of his life, 

_ i, 21; time of, xiv, 21: divinity of 22nd 
asterism, 339: name of star (6 Auriga), 
viii. 21 n: 25th yoga, ii, 65 n. 

Brahmagupta, i. 3 n, add. n. 1—see Brahma- 
sphuta-Siddhanta and Khanda Kataka. 

Brahmabrdaya, name of star (Capella), 
viii. 11-12, 

Brahma-Siddhanta, add. n. 1, 6. 

Brahma-sphuta-Siddhanta, add. n, 1; its 
system, how different from Sdrya-Sid- 

hanta, add. n. 6: references to its doc- 

trines, i 3n, 40n, 60n, 246, 326 etc., 
viii, 12 n, add. n. 18. 

Brhaspati, divinity of 8th asterism, 331. 

Brhaspati-Siddhanta, add. n. 1. 

Budhavara, Wednesday, i. 52 n. 

al-Bula’, 23rd manzil, 340. 

al-Butain, 2nd manzil, 328. 


ae es, geal list of Siddhantas, 

add. n. 1. 

Caitra, 12th or 1st month, i. 51 n, xiv. $n, 
16n. 

Cakalya-Sanhita, add. n. 1: references to, 
325, 326 etc., 357, 361, 362, add. n. 6, 
etc. 

Cakuni, 58th karana, i. 69 n. 

Calendar, sketch of a Hindu, for the year 
1859-60, i. 51 n. 

Alivahana, era of, add. n, 12. 
anivara, Saturday, i. 52 n. 

Cara, name of a yoga, add. n. 19. 

Carad, autumn, xiv. 10n, 16n. 

Cardinal directions, names of, vi. 12 n. 

Carvari, 8th year of Jupiter's cycle, i. 55 n. 

Qatabhishaj, 25th asterism—identification 
etc., 341. 

Catushpada, 60th karana, ii. 69 n. 

Central ecliptic-point, v. 10; sines of its 
altitude and zenith-distance, v. 5-6. 

Chang, 9th sieu, 334. 

Chattra, name of a yoga, add. n. 19. 

Che, 24th sieu, 343. 

Chin, 11th sieu, 334. 

Chinese astronomy and division of the 
heavens—see Sieu. 

Chord of an are, 201, xiii. 18 n, add. n. 16. 

Chronological cycles, i. 15-21; eras, add. 
n, 12. 

gicira, cool season, xiv, 10 n, 16 n. 

ircle—name, ii. 88n; divisions of, i. 28; 
ratio of diam, to circum, i. 60 n, 201. 

Citra, 14th asterism—identification ete., 
334, 

Citravhanu, 50th year of Jupiter’s cycle, 

i, 55 n. 

Give, 2Uth yoga, ii, 65 n. 

ivil time, day—see Time, Day. 
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Cloka, common Hindu verse, introd. n. 

Cobhana—11th year of Jupiter's cycle, i. 
55n; 5th yoga, ii, 65n. 

Co-latitude, terrestrial—name, i. 60 n; how 
found, iii. 18-14, 14-17. 

Colebrooke, introd. n.: his statement of 
the systems of yogas, ii. 65, add. n. 19; 
identification etc. of the asterisms, 324 
etc.; information as to astronomical lit- 
erature, add, n. 1: other references to 
and citations from his works, i. 27 n, 
167, 183, 245 etc., viii. 1 n, 10-12n,12p, 
19n, 21n, xiii. 8n, 5 n, xiv. 16 n, add. 
n. 2, 6, 10, 18. 

Color of moon when eclipsed, vi. 23. 

Commutation, mean—name, ii. 29n; how 
reckoned, ii. 29 n. 

Conjunction of a planet—term how em- 
ployed in this work, 160; mode of ac- 
tion on the planet, ii. 1-5; revolutions, 
i, 29-82 ; orbits, xii. 85-86. 

Conjunction and opposition of sun and 
moon, common name of, iv.8 n: true and 
apparent conjunction, names of, y. 13 n. 

Conjunction of planets with one another, 
vii; with asterisms, viii. 14-15; name, 
general, vii. 1 n; particular, astrological, 
vii. 18-20, 22: conjunction viewed as 
taking place on secundary to prime 
vertical, vii. 6n: time and place how 
calculated, vii. 2-11; illustrative ob- 
servations of conjunctions, vii. 15-18. 

Contact of disks, or disk and shadow, in 
eclipses, iv. 15n; time of first and last 
contact how determined, iv. 16. 

Cosine—not distinctly recognized, 200, ii. 
30 n; term corresponding to, ii. 30n, 
add. n. 16; part of arc determining co- 
sine, ii. 30. 

Cosmogony, development of creation, xii. 
10-28. 

Cravana, 23rd asterism—identification etc., 
840, add. n. 26. 

Oradvana, 4th or 5th month, i. 51n, xiv. 
3n, 16n. . 

Cravishtha, 24th asterism—identification 
etc., 340. 

Creation, time spent by the Deity in, i, 
24; as given by other treatises, i, 44n; 
reason of this allowance, 162. 

Cridhara, ratio of diam. to circumf. accord- 
ing to, i 60n, 

Crimukha, 41st year of Jupiter's cycle, i. 
55 n. 

Crishena, author of Romaka-Siddhdnta, 
add. n. 1. 

tor name of a yoga, add. n. 19. 

ubha—238rd yoga, ii. 65n; name of a 
yoga, add. n, 19. 

Qubhakrt, 10th year of Jupiter’s cycle, i. 
55n. 

Cubit, i. 60 n, iii, 5 n. 
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Cukla— 37th year of Jupiter’s cycle, i 
55n; 24th yoga, ii. 65 n. 

Cukravara, Friday, i. 52 n. 

Cala, 9th yoga, ii. 65 n. 

Cusps of the moon—name, x. 1n, 15 n; 
their elevation calculated, x. 6-8; de- 
lineated, x. 10-15. 

Cycle—vf five years, i. 58 n; names of its 
years, xiv. 17n:of sixty years of Jupi- 
ter, i. 55: of twelve years of Jupiter, 
xiv. 17: their relation, xiv. 17 n: vaster 
chronological cycles, i. 15-21. 


ad-Dabaran, 4th manzil, 329. 
Dacagitika, treatise by Aryabhatta, add. 


n. 1, 

Dada Bhai, commentator on Sirya-Sid- 
dhanta, add. n. 2. 

Daily motions of planets etc., i. 25-27 ; of 
equal absolute amount on each orbit, 
xii. 90 n: tables of mean daily motions, 
161, 164, add. n. 5, 7; mean motions in 
sidereal day, 435: true daily motions, 
how calculated, ii. 47-51; comparative 
table of, for Jan. 1, 1860, 231. 

Davis, references to and citations from his 
essays in Asiatic Researches, introd. n., 
163, i. 55 n, 198, 218, xiv. 16 n, 17n, 
add. n. 17, 433, 484, 455. 








Day—civil day, how reckoned, i. 36, xiv. 
18; number of in an Age, i. 37; varying 
length in different seasons, xii. 45-71 :| 
lunar day, i. 13; number of in an Age, 
i. 37; its portion, ii. 64; current one how| 
determined, ii. 66: omitted lunar days, 
i. 86 ; number of in an Age, i. 38; how 
calculated for a given period, i. 50: sid- 
ereal day, xiv. 15; its divisions, i, 11- 
12; number of in an Age, i. 34: solar, 
day, xiv.3n: day of the gods, i. 13-14,| 
xii. 45, 47-51, 74, xiv. 20; day of the) 
Fathers, xii. 77 n, xiv. 14; day of Pra- 
jipati, xiv. 21; day of Brahma, i. 20, 
xiv. 21. 

Day of a planet, i. 34, ii. 59; its divisions, 
ii. 62-63. 

Day-measure, iii, 35 n. 

Day-rasius, ii. 60, 

Day:sine, ii. 60 n. 

Declination—name, 190; reckoned as in 
the ecliptic, 190, viii. 1n; how ealcu-| 
lated, ii. 28 ; how combined with lati-| 
tude, ii. 58; comparative table of, for 
Jan. 1. 1860, 231: how found by ob- 
servation, iii. 17-18. 

Declination, equal, of the sun and moon—} 
time how calculated, and astrological, 
influence, xi. | 

Deflection of ecliptic from an east and 
west direction—how calculated, for use’ 
in projection of eclipses, iv. 24-25; how 











Degree of a circle, i. 28. 
Delambre, references to and citations from 
his works, introd. n., 199, 200, 249, vii. 
14n, add. n. 15, 17, 18. 

Dhatar, 44th year of Jupiter's cycle, i, 
65 n. 

adh-Dhira’, 7th manzil, 331. 

Dhrti, 8th yoga, ii, 65 n. 

Dhruva, 12th yoga, ii. 65 n. 

Dhimra, name of a yoga, add. n. 19. 
Dhvaja, name of a yoga, add. n. 19. 
Dhvanksha, name of a yoga, add. n. 19. 
Dial, construction of, iii, 1-'7. 

Diameter. relation of to circumference, i. 
60n, 201. 

Digit, iii, 5n; measure of the gnomon in, 
i, 5n; equivalent in minutes, in pro- 
jecting an eclipse, iv. 26; measure of 
the moon’s disk in, iv. 11 n, x. 9n. 
Directions on the sphere, how reckoned, 
281, vii. 6n: cardinal directions, vi. 
12n. 

Diurnal circle, radius of, how calculated, 
ii. 60. 

Dundubhi, 30th year of Jupiter’s cycle, 
i. 55 n. 

Duration of an eclipse, name of, iv. 15 n; 
how determined, iv. 12-15, v. 13-17. 
Durmati, 2¥th year of Jupiter’s cycle, i. 
55 n. 

Durmukha, 4th year of Jupiter’s cycle, i. 
55 n. 


Earth—form, position, and support, xii. 
82; apparent form, xii, 54; its revolu- 
tion taught by Aryabhatta, i. 27n; di- 
mensions, i. 59; centre and surface, 
terms for, 286; poles, xii. 34-35 ; geo- 
graphical divisions, xii. 36-40; zones, 
xii. 59-69; cavities within it, xii. 83; 
measurement by circles and arcs not ap- 
plied to, i. 65n, 

Earth’s shadow, diameter how calculated, 
iv. 4-5. 


'Earth-sine, ii. 61. 


East and west direction on the sphere, 281. 
East and west hour-circle, iii. 6, xiii, 15 n. 
East-point, 282, add. n. 23. 

Eccentric circle, equivalent to Hindu epi- 
cycle of apsis, 208. 

Eccentricities of planetary orbits, compar- 
ative table of, 220. 

Eclipses—name, iv. 6n; rules, applying 
to solar and lunar, iv; rules for paral- 
lax, applying to solar, v; projections of 
eclipses, vi: primi‘ive theory of cause 
of eclipse, iv. 6n, 11 n: true theory, iv. 
9: occurrence of annular eclipse not 
contemplated, v. 13n: calculation of a 
lunar eclipse, add. n, 24; of a solar 
eclipse, add. n. 25; projection of a lu- 





projected, vi. 2-9. 





nar eclipse, $01. 





Strya-Siddhénita. 


Ecliptic—name, xiii. 180; pole, 287 ; di- 
visions, i. 28; their equatorial equiva- 
lents, iii. 42-45: inclination, ii. 28: ori- 
ent and meridian points, iii. 46-49 ; cen- 
tral point, v. 1 n: deflection from east 
and west direction at a given point, iv. 
24-25. 

Elements, five, xii. 23. 

Entrance of the sun into a sign, astrolog- 
ical character, xiv. 3, 11. 

Epicycle—name, ii. 88n: dimensions, for 
all the planets, ii. 34-37; change of di- 
mensions, ii. 38 n, 219, add. n. 18; epi- 
cycle of apsis equivalent to eccentric 
orbit, 208: relative dimensions of orbits 
deduced from epicycles of conjunction, 
220; comparison of Greek and Hindu 
systems, 218 ; Greek origin of the meth- 
od, 4738. 





Equation of the centre—how calculated, 
li. 39; Ptolemy’s method, for sun and 
moon, 211; for other planets, 217: how 
applied, with annual equation, in find- 
ing true places of lesser planets, ii. 45- 
45; comparative table of value when 
greatest, 220. 

Equation of the orb, or annual equation— 

ow found, ii. 40-42: Ptolemy’s metb- 
od, 217: how applied, with equation of 
centre, ii. 48-45. 

Equation of time, correction for, ii. 46; 
its insufficiency, ii. 46 n. 437. 

Equation of motion of a planet, ii. 47-51. 

Equator, celestial, iii. 6. 

Equator, terrestrial, 392. 

Equinoctial shadow, iii. 7, 12-13; how 
found from latitude, iii. 17. 

Equinox, iii, 6n: precession of—see Pre- 
cession. 

Eras in practical use among Hindus, add. 
n. 12. 

Ether, fifth element, xii. 23; orbit of, xii. 
80, 81, 90. 

Evection, not noticed by Hindus, 211. 


Fang, 15th sieu, 336. 

al-Fargh al-Mukdim, 26th manzil, 343. 

al-Fargh al-Mukhir, 27th manzil, 343. 

Fathers, or Manes—divinities of 10th as- 
terism, 832; their station and day, xii. 
14, xiv. 14, 

Fixed stars—names and defined positions 
of certain, viii. 10-12, 20-21 ; their iden- 
tification, viii. 12 n, 21 n. 

Full moon, day of, ii. 66 n. 


Gada, name of a yoga, add. n. 19. 

Ganda, 10th yoga, ii. 65 n. 

Ganega, author of Graha-Laghava, add. 
eI 


Gara, 6th etc. karana, ii. 69 n. 
Garga, Garga-Siddhanta, add. n. 1. 
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Geography, xii. 34-42; of Puranas, xii. 
44 n. 

al-Ghafr, 15th manzil, 335. 

Gnomon, iii. 1, 5 n. 

Goei, 23rd stew, 341. 

Graha- Laghava, add. n. 1; its definition of 
position of the asterisms, 326-342; of 
fixed stars, viii. 12 n, 21 n. 

Greek astronomy, relation of, to Hindu, 
471 etc.—see Ptolemy. 

Greek words in Hindu techrical language, 
i. 28 n, 52 n, ii. 80 n, iii, 84 n, 474. 

Grishma, summer, xiv. 10 n, 16 n. 

Gidharthaprakécaka, name of Rangana- 
tha’s commentary on the Sirya-Sid- 
dhanta, introd. n. 

Guruvara, Thursday, i, 52 n. 


al-Hak’ah, 5th manzil, 330. 

Hall, F. E.—his edition of Sarya-Siddhan- 
ta, introd. n, add. n 1. 

al-Han’ah, 6th manzil, 880. 

Harshana, 14th yoga, ii. 65 n. 

Hasta, 13th asterism—identification etc., 
334, 

Hemalamba, 5th year of Jupiter’s cycle, 
i. 55 n. 

Hemanta, winter, xiv. 10 n, 16 n. 

Hemisphere—name, v. 17n; eastern and 
western, of heavens, v. 17n; northern 
and southern, of earth, xii. 45, 46. 

Heliacal settings and risings—of planets, 
ix, 1-11; distance from sun of occur- 
rence, ix. 6-9; calculation of time, ix. 
10-11, 16: of asterisms, ix. 12-17; as- 
terisms which never set heliacally, ix. 
18: of moon, x. 1. 

Hindu astronomy, discussion of its origin, 
age, and relation to the Greek, add. 
n. 30. 

Hii, 22nd stew, 341. 

Hoisington, H. R.—his Oriental Astrono- 
mer cited, introd. n., ii. 18 n, 218. 

Horizon, iii. 49 n. 

Hour—name, i. 52n; succession of regents 
of, xii. 79. 

Hour-angle, distance in time from meridi- 
an, iii. 34-36; corrected hour-angle, 284; 
sun’s hour angle how determined from 
observation, iii. 37-39. 

Hy pothenuse—name, iv. 21 n: hypoth. of 
shadow of gnomon, iii. 8; constant re- 
lation to measure of amplitude, iii. 7 n. 


icvara, 45th year of Jupiter’s cycle, i. 
55 n. 

Idavatsara, 3rd year of lustrum, xiv. 17 n. 

Ideler—identifications of Arab mandzil, 
826 ete. 

Idvatsara, 4th or 5th year of lustrum, 
xiv, 17n, 





al-Iklil, 17th manzil, 386, 
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Inclination—of planetary orbits to ecliptic, 
i, 68-70; comparative table of, i. 70 n: 
of ecliptic to equator, ii, 28. 

Indra—26th yoga, ii. 65n: divinity of 
18th asterism, 337 ; of others, 341; with 
Agni, of 16th, 335. 

Inequalities of planetary motions—how 
produced, ii. 1-8; why of different de- 
grees, ii. 9-11. 

Instruments—armillary sphere, xiii. 1-20, 


E. Burgess, etc., 


Krodhana, 88rd year of Jupiter's cycle, i. 
55 n. 

Krodhin, 12th year of Jupiter’s cycle, i. 
55 n. 

Krttika, Srd asterism—identification etc., 

28 ; formerly first of the series, i. 27 n, 

50. 


3 
8 
Kshaya, 34th year of Jupiier’s cycle, i, 
55 n. 
Kuei, 6th stew, 331. 








viii. 12n; other instruments for meas 
uring time, xiii. 20-24; for taking alti- 
tude, xiii. 21n; for taking zenith-dis- 
tance at meridian transit, viii. 12 n. 

Iron Age, i. 17 n; its commencement, 161 ; 
how determined, 162. 


aj-Jabhah, 10th manzi/, 333. 

Jambddvipa, central continent in Puranic 
geography, xii. 44 n. 

Jaya, 2nd year of Jupiter’s cycle, i. 55 n. 

Jervis, his Weights, Measures, and Coins 
of India, introd. n. 

Jfiina-Bhiskara, reference to, i. 6 n. 

Jfiina-raja, author of Siddhanta-Sundara, 
add. n. 1. 

Jones, Sir W., references to and citations 
from his works, 324, 325, xiv. 16 n, add. 
n. 1, 

Jupiter—names, revolutions, etc., etc., see 
Piensto—J upiter’s cycle of sixty years, 
i. 55; of twelve years, xiv. 17; their} 
relation, xiv. 17 n. 

Jy4ishtha, 2nd or 3rd month, i. 51 n, xiv. 
$n, 16n. 

JyeshthA, 1 8th asterism—identification etc., 
336 ; its last quarter unlucky, xi. 21. 

Jyotisha, astronomical treatise, i. 3 n. 


Kaladanda, name of a yoga, add. n. 19. 
Kilayukta, 26th year of Jupiter’s cycle, i. 
55 n. 





al-Kalb, 18th manzil, 337. 

Kamalakara, author of Tattva-Viveka, 
add. n. 1. 

Kina, name of a yoga, add. n. 19. 

Kang, 13th sieu, 335. 

Karana, half a lunar day, ii. 67-69. 

Karttika, 7th or 8th month, i. 51 n, xiv. 
8n, 16n. 

Kiulava, 4th etc. karana, ii. 69 n. 

Ketu, moon’s descending node, ii. 8 n. 

Ketumila, a clime, xii. 39. 

Khanda-Kataka, treatise, or chapter of one, 
by Brahmagupta—cited by al-Birdni re- 
specting asterisms, 325 etc., 352, 353. 

Khara, 59th year of Jupiter's cycle, i. 55 n, 

Ki, 18th siew, 339. 

Kilaka, 16th year of Jupiter’s cycle, i. 55 n. 

Kinstughna, Ist karana, ii. 69 n. 

Kio, 12th sieu, 335. 

Koei, 26th sieu, 343, 





Kuru, a clime, xii. 40. 
Kurukshetra, region in India, i. 62 n. 


LAdha, astronomical authority, i. 3 n. 
Lagadha or Lagata, author of Jyotisha, i. 


3 n. 

Laghu-Arya-Siddhanta, add. n. 1; cita- 
tions and references, 168, add. n. 6. 

Lambaka, name of a yoga, add. n, 19. 

Lanka, i. 62 n, xii. 39. 

Lata, called by al-Birdni author of Sarya- 
Siddhanta, i. 3 n. 

Latitude, celestial—name, i. 70 n, iv. 21 n; 
how measured, i. 70 n, viii. 1n; mean 
greatest latitude of planets, i. 68-70: 
latitude of planets how calculated, ii. 
56-57; how combined with declination, 
ii, 58. 

Latitude, terrestrial—name, i. 60n; how 
ascertained by observation of shadow, 
iii. 18-14, 14-16: circumf. of earth ona 
parallel of latitude, how found, i. 60. 

Leu, 27th sieu, 828. 

Li, Chinese measure of distance, i. 60 n, 
add. n. 138. 

Lieu, 7th sieu, 332. 

Lokaloka, boundary of the earth, xii. 44 n, 
xiii, 16 n. 

Longitude, apparent--term how employed, 
vii. 12 n; how found, vii. 7-11. 

Longitude, celestial, of a planet—no name 
for, i. 53 n; mean longitude how found, 
i. 53, 54, 60-61, 67; true longitude 
how found, ii. 39-45: sun’s true and 
mean longitude how determined from 
observation, iii. 17-20, 40-41. 

Longitude, polar—term how employed in 
this work, viii. 1 n; polar longitudes of 
asterisms, viii. 2-6; of certain fixed 
stars, viii. 10-11, 20-21. 

Longitude, terrestrial—name, i. 61 n; 
whence measured, i. 62; how deter- 
mined, i. 63-65 ; measured in yojanas, 
i, 65 n. 

Lunar time, day, month—see Time, Day, 
Month. 

Lustrum, cycle of five years, i 58n; 
names of its years, xiv. 17 n. 


Mackenzie collection—see Wilson. 
Magha, 10th asterism—identification etc., 
832, add, n. 26. 





Shirya-Siddhanta. 


Magha, 10th or 11th month, i. 51n, xiv. 
8 n, 16n. 

Maitra, name of a yoga, add. n. 19. 

Mallikarjuna, commentator on Sdrya-Sid- 
dhanta, add. n. 2. 

Mammabhatta, commentator on Sirya- 
Siddhanta, add. n. 2. 

Manasa, name of a yoga, add. n. 19. 

Manazil al-kamar—see Arab lunar man- 
sions, 

Mangalavara, Tuesday, i. 52 n. 

Manmatha, 8rd year of Jupiter's cycle, i. 
55 n, 

Manu, citations and references, i. 12 n, 
17 n, 19 n, 28 n, xii. 28 n, xiv. 14 n. 

Mao, Ist siew, 329. 

Margacirsha, 8th or 9th month, i. 51 n, 
xiv. 8n, 16n. 

Mars, names, revolutions, etc., etc.— see 
Planets. 

Matanga, name of a yoga, add. n. 19. 

Maya, recipient of revelation of Sirya- 
Siddhanta, i. 2, 4,6 n,'7, xii. 1, 10, xiv. 
24-27; conjectured identity of his name 
with that of Ptolemy, i. 6 n. 

Mean motions of planets—see Daily mo- 
tions ete. 

Mean places of planets—see Longitude. 

Measure of amplitude, iii. 7. 

Mercury, names, revolutions, etc., etc.— 
see Planets. 

Meridian—no distinct name for in text, xiii. 
15n; name in commentary, 283, xiii. 
15 n. 

Meridian ecliptic-point, iii. 49, v. 4-5, 9 n. 

Meridian, prime—situation of, i. 62 ; why 
chosen, 1. 62 n. 

Meridian-sine, v. 5. 

Meru—poles of the earth, xii. 84-85; in 
Puranic geography, xii. 44 n. 

Minute of are, 1, 28. 

Mitra, divinity of 17th asterism, 336, 

Month—civil, i, 12: lunar, i. 18; number 
in an Age, i. 835; names of those com- 
posing the year, i. 51 n, xiv. 16n; how 
derived, xiv. 16n; divisions of lunar 
month, i. 51 n: intercalary months, i. 
38 ; number in a given period how cal- 
culated, i. 49: lunar month a day of the 
Fathers, xii. 74, xiv. 14: sidereal month, 
i. 12: solar month, i. 18; number in an 
Age, i. 39; names, i. 61 n, xiv. 16 n; pre- 
cise length of the several solar months, 
xiv. 3 n; division into seasons, xiv. 16 n. 

Moon—names, revolutions, etc., etc., see 
Planets—Moon’s apsides and nodes, revo- 
lutions in an Age, i.33; mean daily mo- 
tions of, 161, 164, add. n. 5, 7; in side- 
real day, 435 ; positions at beginning of 
Tron Age, 162, add. n. 6 ; orbits, xii, 8'7- 
88 : moon’s dimensions, iv. 1 ; mean ap- 
parent diameter, distance, and horizon- 
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85 ; apparent diameter how calculated, 
iv. 2-8; conciser method, 456: moon’s 
heliacal setting and rising, x.1; time of 
rising and setting, how calculated, x. 2— 
5; elevation of cusps, x. 6-8; to deter- 
mine illuminated part of disk, x.9; to 
delineate illuminated part, and elevation 
of cusps, x. 10-15: moon the divinity of 
5th asterism, 329; relation to system 
of asterisms, 351, add. n. 28; equality of 
declination with sun unpropitious, xi. 1 
etc. ; station of the Fathers, xii. 74. 

Motions of planets—see Daily motions, 
Inequalities. 

Mrgacirsha, 5th asterism— identification 
etc., 829, add. n. 26. 

Mrgavyddha, name of star (Sirius), viii. 
10-11, add. n. 26. 

Mrtyu, name of a yoga, add. n. 19. 

Mudgara, name of a yoga, add. n, 19. 

Mubirta-Cintémani, cited respecting as- 
terisms, 825 etc. 

Muhirta-Malé, cited respecting Abhijit, 
854. 

Mala, 19th asterism—identification etc.,337. 

Municvara, author of Siddhanta-Sarva- 
bhauma, add: n. 1, 2. 

Musala, name ofa yoga, add, n. 19. 


an-Na’dim, 20th manzil, 339. 

Nadi, sixtieth part of sidereal day, i. 11. 
Naga, 59th karana, ii, 67, 69 n. 

an-Najm, 3rd manzil, 329. 

Nandana, 60th year of Jupiter's cycle, i. 


55 n. 

Narada, Narada-Siddhanta, add. n. 1. 

Naradi-Sanhita, add. n. 1. 

an-Nathrah, 8th manzil, 331. 

New moon, day of, ii, 66 n. 

Nieu, 20th sieu, 340. 

an-Niyat, stars in Scorpio, 337. 

Node of a planetary orbit—name, i. 34 n, 
xi. 5 n; only ascending node spoken of, 
i. 84n; names of ascending and de- 
scending nodes, ii, 8n, 360; mode of 
action on the planet, ii. 6-8; revolu- 
‘tions, i. 42-44; how devised, i.44n; po- 
sitions, acc. to different authorities, i. 








tal parallax, iv. 1n; orbit, iv. 1n, xii. 
VOL. VI. 63 





44n; compared with Ptolemy’s, add. n. 
11; corrections applied to places of, in 
calculating latitude, ii. 56. 
For moon’s nude, see Moon. 

Nrsinha, commentator on Stirya-Siddhan- 
ta, add. n. 2. 

Nii, 21st siew, 340. 

Numbers, how expressed in the text, in- 
trod. n. 


Oblique ascension, equivalents in, of signs 
of ecliptic, iii. 44-45 ; table of equiva- 
lents as calculated for Washington, 
265; for Williams’ College, 457: de- 
grees of oblique ascension, ix. 5 n. 
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Observations—how far contemplated in 
Hindu system, vii. 18 n, viii. 12 n, 472 ; 
accuracy of Hindu observations, 356, 
364. 

Oei, 28th siex, 328. 

Orbit—name, iv. 8, xii. 76: orbits of the 
lanets, i. 26, xii. 73-7; their absolute 
imensions, xii. 80-90 ; how determined, 

i. 27 n, iv. ln, xii. 90n; their relative 
dimensions deduced from epicycles, and 
compared, 220. 

Orient ecliptic-point, iii. 46-48. 

Orient-sine, or sine of amplitude of orient 
ecliptic-point, v. 3. 


Pada, quarter of a cloka, introd. n. 

Padma, name of a yoga, add. n. 19, 

Padma, name of last on, i. 28 n. 

Pafica-Siddhantiké, i. 3 n, add. n. 1. 

Pardbhava, 14th year of Jupiter's cycle, 
i, 55 n. 

Paracara, add. n. 1. 

Paracgara or Pardcara Siddhanta, add. n. 
1; its system, add. n. 6; length of year, 
168; positions of apsides and nodes, i. 
44 n. 

Parallax—general exposition of Hindu 
view of, v. 1; horizontal parallax of 
moon and sun, iv.1n; the same acc. 
to Ptolemy, iv. 1m: vertical parallax 
and its resolution, v. 1n; in 


parallax 
longitude, name of, 288; mode of cal- 


culating, in time, v. 3-8; llax in 
latitude, name of, 288; mode of calcu- 
lating, v. 10-12: method of applying 
parallax in determining phases of eclipse, 
v. 9, 18-17, 463; general criticism of 
methods of calculation, 299: parallax 


E. Burgess, etc., 


Perigee, perihelion, no name for, 207. 

ee tS 3 of a right-angled triangle, ii. 
80 n, add. n. 16. 

Perpendicular-sine = cosine, ii. 30 n, add. 
n. 16. 

Phalguna, 11th or 12th month, i 51n, 
xiv. 3n, 16n. 

Phalguni, 11th and 12th asterisms—iden- 
tification etc., 838, add. n. 26. 

Phases of an eclipse, contact, immersion, 
emergence, separation, greatest obscu- 
ration, etc.—names, iv. 15n, 17 n. 

Pi, 2nd siew, 329; 25th sieu, 343. 

Pingala, 25th year of Jupiter’s cycle, i. 
55n. 

Planet, name, iv. 6 n, add. n. 22. 

Planets—names, add. n. 3; creation, xii. 
22-24; general explanation of motions, 
i, 25-27, xii. 73-77 ; point of commence- 
ment of motion, i. 27, 162; time of com- 
mencement, i. 24, 161, 162, i. 44.n; sid- 
ereal revolutions in an Age, i. 29-82; 
tables of periods of sidereal revolution, 
161, 164, 168, add. n. 5,7; mean daily 
motions, i. 26, xii. 83; tables of do., 1. 
34 n, add. n. 5,7; mean positions, end 
of last Golden Age, i. 57; do. beginning 
of Iron Age, i. 58 n, add. n.6; actual 
mean positions, beg. of Iron Age, 162: 
to find mean longitude for any given 
time, i. 53-67; mean longitude as found 
for Jan. 1, 1860, and errors, i. 67n: 
causes of irregular motion, ii. 1-11; 
kinds of motion, ii. 12-18 ; how to cal- 
culate true longitudes, ii. 29-45; di- 
mensions of epicycles, ii. 84-38; equa- 
tion of centre, ii. 89; annual equation, 
ii, 40-42; calculation of true rates of 





of other planets neglected, vii. 23 n. 

Paridhavin, 20th year of Jupiter’s cycle, i, 
55 n. 

Parigha, 19th yoga, ii. 65 n. 

— 2nd year of lustrum, xiv. 
170. 

Parsi asterisms, or 28-fold division of 
ecliptic, 824, 349. 

Parthiva, 53rd year of Jupiter’s cycle, i. 
565 n. 

Path of extremity of shadow, how drawn 
on the dial, iii. 41-42. 

Path of eclipsing body, how drawn in pro- 
jection of eclipses, vi. 14-16. 

Patriarchate, great chronological period— 
how composed, i. i8: reckoned as day 
of Prajapati, xiv. 21. 

Paulastya or Pulastya Siddhanta, add. n. 1. 

Paulica or Puliga Siddhanta, i. 6n, add. 
n. 1, 6: its length of year, 168. 

Paéusha, 9th or 10th month, i. 51 n. xiv. 
8n, 16n. 

Perfected, the, a race of supernatural 


motion, ii. 47-51 ; of declination, ii. 28 ; 
data for finding latitude, i. 68-70 ; mode 
of calculation, ii. 56-57 ; combination of 
latitude and declination, ii. 58: com- 
parative table of true longitudes, daily 
motions, and declinations, for Jan. 1, 
186, 231; apparent diameters, iv. 1 n, 
vii. 138-14: orbits, how determined, iv. 











beings, xii, 28, 31, 40. 


ln, xii. 90n; absolute dimensions, xii. 
80-90; relative dimensions, deduced 
from epicycles, 220; distances from 
earth, xii. 84; order in respect to dis- 
tance, xii. 31; order in which referred 
to in this work, i. 52 n: synodical revo- 
lutions, ii. 42 n: conjunctions of planets 
with each other, vii; with asterisms, 
viii. 14-15: heliacal settings and risings, 
ix. 1-11: regency over > vm months, 
etc., i. 51-52, xii. 78-79: day of a plan- 
et, ii. 59. 

Plava, 9th year of Jupiter’s cycle, i. 
55 n. 

Plavanga, 15th year of Jupiter's cycle, i. 
55 n. 





Strya-Siddhanta. 


Polar longitude and latitude, terms how 
employed in this work, viii. 1 n. 

Pole—of earth, xii. 34-35; of ecliptic, 
287; of prime vertical, 283, 

Polestars, xii. 43. 

Portion of an asterism, ii. 64,328, 351-54. 

Possessors of Knowledge, supernatural 
beings, xii. 31. 

Prabhava, 35th year of Jupiter's cycle, i. 
55 n. 

Prajapati—39th year of Jupiter’s cycle, i. 
55 n: divinity of 4th asterism, 329, viii. 
13n: the patriarchate a day of, xiv. 
21: name of a star (6 Aurige), viii. 20: 
name of a yoga, add. n. 19. 

Pramédin, 21st year of Jupiter's cycle, i. 
55 n. 

Pramathin, 47th year of Jupiter's cycle, i. 
55 n. 

Pramoda, 38th year of Jupiter’s cycle, i. 
55 p 


Pravardha, name of a yoga, add. n. 19. 

Precession of the equinoxes, iii. 9-12; 
name, 249; statement of, iii. 9; form 
of theory, a libration, iii. 12 n; possible 
reason, 247; Bentley’s view refuted, 
248 ; theory of Siddhanta-Ciromani, not 
a libration, 248; whether precession 
taken account of in construction of Hin- 
du system, 247, add, n. 20; position and 
history in this treatise, 246 etc., add. n. 
20;rale for calculating, iii. 9-10; for 
determining by observation, iii. 11-12: 
Greek view of precession, 249. 

Prime meridian, i. 62. 

Prime vertical, iii. 6; its pole, 283 ; to find 
hypoth. of shadow, when sun is on the, 
iil. 25-27. 

Priti, 2nd yoga, ii. 65 n. 

Progresses of the sun, from solstice to 
solstice, xiv. 9. 
Projection of an ecli 
scale of, iv. 26; figure illustrating pro- 

jection of lunar eclipse, 301. 

Ptolemy—possible traces of his name in 
Hindu astronomy, i. 6 n; his times of 
sidereal revolution of the planets, 168, 
add. n. 10; inclination of planetary or- 
bits, i.70n; of ecliptie, ii. 28n; use of 
chords, 200; relation of his chords to 
Hindu sines, add. n.15; mode of cal- 
culating equation of centre of sun and 
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ting of planets, ix. 9.n; itions of a) 
sides a nodes of pened ag n. “ag 

Pulica, author of Paulica-Siddhanta, add. 
n. 1; identical with Paulus Alexandri- 
nus? i, 6 n, add. n. 1. 

Punarvasu, 7th asterism — identification 
etc., 330. 

Pirva-ashadha, 20th asterism—identifica- 
tion etc. 338. . 

Pirva-Bhadrapad4, 26th asterism—iden- 
tification etc., 341. 


‘Parva-Phalguni, 11th asterism—identifi- 


cation etc., 333. 
Pishan, divinity of 28th asterism, 343. 
Pushya, 8th asterism—identification etc., 
331. 


Quadrants, odd and even, ii. 29-80. 


Radius—names, ii. 60n; value in min- 
utes, ii. 22. 
Rabu, ii. 6; cause of eclipses, ii. 8 n, iv. 


6 n. 

Rakshasa—28rd year of Jupiter's cycle, 
i. 55n; name of a yoga, add. n. 19. 

Raktaksha, 32nd year of Jupiter’s cycle, 
i. 55 n. 

Rangandtha, commentator on Sirya-Sid- 





e, Vi; name, vi. 1, 8 ;||- 


dhanta, introd. n., add. n. 2. 

Ratnaméla, authority respecting aster- 
isms, 325. 

Raudra, 28th year of Jupiter's cycle, i. 
55 n. 

Ravivara, Sunday, i. 52 n. 

Regents of years, months, days, and hours, 
i. 51-52, xii. 78-79. 

Respiration, measure of time, i. 11. 

Retrogradation of the planets—name, ii. 
12-13; explanation, and definition of 
limits, ii. 51-55. 

Revati, 28th asterism—-identification ete., 

848 ; its last quarter unlucky, xi. 21. 

Revolution of a planet, i, 25-27 ; numbers 
of revolutions in an Age, i. 29-34. 

Right ascension, equivalents of the differ- 
ent signs of the ecliptic in, iii, 42-44. 

ar-Risha, 28th manzil, 348. 

Rohini, 4th asterism—identification etc., 
829; astrological consequences of col- 
lision of the planets with, viii. 13. 

Rohitaka, place situated on prime merid- 
ian, i. 62. 





moon, 210; of other planets, together 
with annual equation, 217 ; his improve- 
ments of Greek astronomy, not found in 
Hindu system, 219, 474; relative di- 
mensions and eccentricities of planetary 
orbits, 220; retrogradation of planets, 
226; precession, 249; distances, paral- 
lax, and dimensions of sun and moon, 
271; direction of ecliptic in eclipses, 


Romaka, name of Rome, i. 6 n, xii. 39. 
Romaka-Siddhanta, add n. 1, i. 6 n. 








Rudhirodgfrin, 31st year of Jupiter's cy- 
cle, i. 55 n. 
Rudra, divinity of 6th asterism, 330. 


[For words often spelt with Sh, 8’, ’S, or 
S, see Q, under the letter C.] 
\Sa’d adh-Dhaébih, 22nd manzil, 340. 


284; astrology, vii. 23 n; heliacal set-| Sa’d al-Akhbiyah, 25th manail, 341. 
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Sa’d as-Su'did, 24th manzil, 341. 

Sa'd Bula’, 23rd manzil, 340. 

Sadharana, 18th year of Jupiter’s cycle, 
i. 55 n. 

Sadhya, 22nd yoga, ii. 65 n. 

Samvatsara—l1st year of lustrum, xiv.17 n; 
year of era of Vikramaditya, add. n. 12. 

Sanskrit words, transcription and pronun- 
ciation of, introd.n. ° 


E. Burgess, etc., 


Siddhanta-Saérvabhduma, add. n. 1 : meth- 
od of observing positions of asterisms, 
viii. 12 n; epicycles, add. n. 18. 

Siddhanta-Sundara, add. n. 1; cited by 
Siddhanta-Sarvabhéuma, viii. 12 n. 

Siddhbarthin, 27th year of Jupiter’s cycle, 
i, 55 n. 

Siddhi—16th yoga, ii.65n; name of a 

oga, add, n. 19. 





as-Sarfah, 12th manzil, 384. 
Sarvadharin, 56th year of Jupiter’s cycle, 


Sidereal time, day, year—see Time, Day, 
Year. 





i, 55 n. 

Sarvajit, 55th year of Jupiter’s cycle, i. 
55 n. 

Saturn, names, revolutions, etc., etc.—see 
Planets. 

Saubhagya, 4th yoga, ii. 65 n. 

Séumya—17th year of Jupiter’s cycle, i. 
55 n; name ofa yoga, add. n. 19. 

Scale of projection of an eclipse, iv. 26. 

Seasons—number and names, xiv. 10 n; 
months and asterisms belonging to 
them, xiv. 16n; reason of varying 
temperature, xii. 46, 72 n. 

Second of are, i. 28. . 

Serpents, divinities of 9th asterism, 332. 

Seven Sages, stars in Ursa Major, xiii. 9; 
their independent revolution, viii. 21 n. 

Shadacitimukha, solar period, xiv. 3-6. 

Shadow of earth—diameter on moon’s, 
orbit, iv. 4-5; no account taken of pe-| 
numbra, iv. 5 n. 

Shadow of gnomon—names, iii. 5 n; base, 
or north and south projection of, iii. 23- 
25; path of its extremity, iii. 41-42: 
equinoctial shadow, iii. 7, 12-13: noon 
shadow, how calculated, iii. 20-22 ; oth- 
er shadows, iii. 28-34, 34-36; shadow 
cast by any planet or star, how deter- 
mined and laid down, 812, 316. 


Sieu, 28-fold division of heavens by Chi- 
nese, 325; comparison with Hindu 
asterisms and Arab lunar mansions, 
827-344; map illustrating position and 
relations, add. n. 27; origin of system, 
ace, to Biot, 345. 

Sign, twelfth part of ecliptic, i. 28; reck- 
oned from any given starting-point, i. 
28 n, 58n; table of names and symbols, 
i, 58 n. 

as-Simak, 14th manzil, 385. 

Sin, 16th sieu, 3377. 

Sine—name, 201, add. n.16; series of 
sines, in minutes, ii. 17-22 ; comparative 
table of, 197; table of sines for every 
degree, with differences, 429; rule for 
developing the series, ii. 15-16; how 
derived, 198-9, add. n. 15; its falsity, 
add. n. 15; Hindu use of sines earlier 
than Arab, 200; Arab sines from Greek 
chords, 200 ; whether Hindu sines like- 
wise? add. n. 15; Hindu series how 
obtained, 198, add. n. 15. 
part of an arc determining the sine, ii. 
29-30: to find the sine of a given arc, 
or arc of a given sine, ii. 31-33. 

Sing, 8th sieu, 338. 

Solar time, day, month, year, etc.—see 
Time, Day, Month, Year. 





ash-Sharatan, 1st manzi/, 327. 
ash-Shaulah, 19th manzil, 388. 
Siddha, 21st yoga, ii. 65 n. 
Siddhénta-Ciromani—date, authorship, and 
derivation, add. n. 1; account of Vedan- 
, i. 3n; planetary system, add. n. 6; 
ivision of the day, i. 12n; length of 
year, and mean sidereal revolutions of 
planets, 168; positions of apsides and 
nodes, i.44n; diameter and circumfer- 
ence of earth, i.60n; prime meridian, 
i. 62 n; precession, 248 ; statement re- 
specting precession as taught by Sarya- 
Siddhanta, 245; sines of zenith-distance 
and altitude of ecliptic, v.7n; defini- 
tion of position of asterisms, 326-344; 
of fixed stars, viii. 12n; geography of 
southern hemisphere, xii. 44 n; orbit of 
asterisms, xii. 90n; armillary sphere, 
xiii. 8n; descriptions of instruments, 
xiii. 21 n, 22n; solar day, xiv.3n; epi- 





cycles, add. n. 18. 


Solstice, name of, 249, xii. 72 n. 


» ||\Soma-Siddhanta, add n. 1, 6. 


Somavara, Monday, i. 52 n. 
Sphere, 287. 


a iii. 5 n. 

Sthira, name of a yoga, add. n. 19. 

Subhdnu, 51st year of Jupiter’s cycle, i. 
55 n. 

Sukarman, 7th yoga, ii. 65 n. 

Sum of days—names, i. 51 n; how found, 
i, 45-651. 

Sun—names, revolutions, etc, etc., see 
Planets—dimensions, iv. 1; mean ap- 
parent diameter, horizontal parallax, 
and distance, iv. 1n; to find true ap- 
parent diameter, iv. 2-3; briefer meth- 
od, 456; solar eclipses, iv, v; calcu- 
lation of a solar eclipse, add. n. 25; 
error of sun’s motion and position by 
Hindu system, 166 ; adaptation of those 
of other planets to it, 164-167: sun’s 





revelation of present treatise, i. 2-9, xiv. 





Stirya-Siddhdnte. 


24-25 : his part in the creation, xii. 15- 
21: divinity of 13th asterism, 334. 

Surd, 259. 

Siarya-Siddhanta—professedly revealed by 
the Sun to Maya, i. 2-9; ascribed by 
al-Birtini to Lata, i. 8n; referred by 
Bentley to 11th century, 165; refuta- 
tion of this conclusion, i. 8n, 167, 470; 

sition in astronomical literature of 

dia, introd. n., add. n. 1, 470; its sys- 
tem compared with those of other trea- 
tises, add. n. 6; present extent, xiv. 27 n; 
division into two portions, xi. 23n; 
commentaries on, add, n. 2; published 
edition, introd. n., add. n. 1. 

Svati, 15th asterism—identification etc., 
335. 

Synodical revolutions of the planets, 212. 


Tables for finding true places of planets, 
where given, 218. 

Taitila, 5th etc. karana, ii. 69 n. 

Taittiriya-Sanhité and: Taittiriya-Brah- 
mana, names and divinities of the aste- 
risms according to, 326 ete. 

Tammaya, commentator on Strya-Sid- 
dhanta, add. n. 2. 

Tarana, 52nd year of Jupiter's cycle, i. 
55 n. 

at-Tarf, 9th manzil, 882. 

Tattva-Viveka, add. n. 1. 

ath-Thuraiya, 3rd manzil, 329. 

Ti, 14th stew, 336. 

Time—real and unreal, i. 10; different 
modes of measuring and reckoning, xiv ; 
civil time and its uses, xiv. 18-19; lu- 
nar time, i. 18n, xiv. 12-14; sidereal 
time, xiv. 15; solar time, xiv. 3, 10; 
time of gods, Prajapati, and Brahma, 
xiv. 20-21: mode of reckoning time 
practically employed, i. 13 n: instru- 
ments for measuring time, xiii. 16, 19- 
24: to determine the time by observa- 
tion of shadow of gnomon, iii. 37-39— 
see Day, Month, Year, etc.. 

Times of rising, see Ascensional equiva- 
lents. 

Tsan, 4th sieu, 330. 

Tse, 8rd siew, 330. 

Tsing, 5th sieu, 331. 

Tvashtar, divinity of 14th asterism, 334. 

Tycho Brahe’s determination of apparent 
diameter of planets, vii. 14 n. 


Udravatsara, 5th year of lustrum, xiv. 17 n. 

Vei, 17th siew, 338, 

Ujjayini, city determining position of 
prime meridian, i. 62 n. 

Upanishad, xiii. 3 n. 

Utpata, name of a yoga, add. n. 19. 

Uttara-Ashddha, 21st asterism—identifi- 
cation etc., 338. 
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Uttara-Bhadrapada, 27th asterism—iden- 
tification etc., 342. 

Uttara-Phulguni, 12th asterism—identifi- 
cation etc., 333. 


Vaicaékha, 1st or 2nd month, i. 51 n, xiv. 
8n, 16n. 

Vaidhrta, or Vaidhrti, name of a hostile 
aspect of sun and moon, xi. 2, 4. 

VAidhrti, 27th yoga, ii. 65 n. 

Vajra—15th yoga, ii. 65n; name of a 
yoga, add. n. 19. ° 

Varaha, name of current on, i. 23 n. 

Varaha-mihira, astronomical and astro- 
logieal authority, i. 8n, vii. 23n, 352, 
viii. 13 n, xiv. 6 n, add. n. 1. 

Varaha-Siddhanta, add. n. 1. 

Variyas, 18th yoga, ii. 65 n. 

Varsha, rainy season, xiv. 10n, 16 n. 

Varuna, divinity of 25th asterism, 341. 

Vasanta, spring, xiv. 10n, 16 n. 

Vasishtha or Vasishtha Siddhanta, add. 

Te ak 

Vasudeva, xii. 12. 

Vasus, divinities of 24th asterism, 340. 

Vatsara, 5th year of lustrum, xiv. 17 n. 

Vedas, xii. 17. 

Vedangas, i. 3 n. 

Venus — names, revolutions, etc., etc., 
see Planets—in conjunction with other 
planets, vii. 23, 

Versed sine—name, 201; how found, ii. 
22 ; series of, for the quadrant, ii. 23-27. 

Vertical circle, 287. 

Vertical parallax, resolution of, 287. 

Vibhava, 36th year of Jupiter’s cycle, i. 
55 n. 

Vicdkha, 16th asterism—identification 
etc., 335. 

Vicrtau, name of stars in sting of Scor- 

pio, 337. 

Vigvavasu, 13th year of Jupiter’s cycle, i. 

55 n. 

Vijaya, 1st year of Jupiter’s cycle, i. 
55 n. 


Vikarin, 7th year of Jupiter's cycle, i. 
55 n 


Vikrama, 48th year of Jupiter's cycle, i. 
55 n. 

Vikramdditya, era of, add. n. 12. 

Vikrta, 58th year of Jupiter's cycle, i. 
55 n. 


Vilamba, 6th year of Jupiter’s cycle, i. 
55 n. 


Vinadi, measure of time, i. 11. 

Virodhakrt, 19th year of Jupiter's cycle, 

i. 55 n. 

Virodhin, 57th year of Jupiter's cycle, i. 
55 n. 

Vishkambha, Ist yoga, ii. 65 n. 

Vishnu—divinity of 23rd asterism, 340; 





original character, xiv. 10 n. 
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Vishnu-candra, author of Vasishtha-Sid- 
dhanta, add. n. 1. 

Vishnudharmottara-Purana, add. n. 1, 

Vishnu-Purana, citations from and refer- 
ences to, i.9n, 12n, 17n, 19n, 21 n, 
23 n, ii. 8 n,.xii, 28 n, 44 n. 

Vishti, 8th etc. karana, ii. 69 n. 

Vortices, or propelling currents, of the 
planets, ii. 3, xii. 73. 

Vrddhi, 11th yoga, ii. 65 n. 

Vyaghata, 13th yoga, ii. 65 n. 

V yasa-Siddhanta, add. n. 1. 

Vyatipata—17th yoga, ii. 65n, xi. 20; 
name of a hostile aspect of sun and 
moon, xi. 2, 4, 

Vyaya, 54th year of Jupiter’s cycle, i. 
55 n. 


Warren’s Kala Sankalita, references to 
and citations from, introd. n., i, 18 n, 
$4 n, 48 n, 55 n, 62 n, 218, xiv. 3n, 17 5, 
add. n. 12, 19. 

Weber, references to and extracts from 
his works and essays, i. 3 n, 6 n, ii. 8 n, 
vii. 23 n, 348, xiv. 6n, add. n. 1, 3, 26, 
28. 

Week—not an original or ancient Hindu 
institution, i. 52n, xii. 79n; whence 
brought to India, i. 52n; names of its 
days, i. 52n; how determined, i. 52 n; 
when they begin, i. 66. 

Wilson—his catalogue of Mackenzie Col- 
lection referred to, add. n.1, 2; his 
Vishnu-Purana, see Vishnu-Purdna. 


Y, 10th sieu, 334. 
Yama, divinity of 2nd asterism, 328. 
Yamakoti, city, xii. 38, 
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Yavanas, Greeks or westerners, referred 
to in Hindu astronomical traditions, i. 
6 n, 474. 

Year—civil, lunar, sidereal, and solar, i. 
13 n; year of the gods, i. 14; years in 
practical use in India, i. 13 n; sketch of 
solar and luni-solar calendar, for year 
1859-60, i. 51 n: length of sidereal solar 
year, acc. to different authorities, 168 
years of eras of (élivahana and Vikra- 
maditya, character and names of, add. 
n. 12; years of Jupiter's cycle, names 
of, i. 55 n; years of lustrum, names of, 
xiv. 17 n. 

Yellaya, commentator on Sirya-Siddhan- 
ta, add. n. 2. 

Yoga, period of time—name whence de- 
rived, add. n. 19; two systems, names 
and character of, ii. 65 n, add. n. 19. 

Yojana, measure of length, its subdivision 
and value, i. 60 n, add. n. 18. 

Yuvan, 48rd year of Jupiter's cycle, i. 
55 n. 


Zenith, name of, v. 1 pn. 

Zenith-distance—on the meridian, iii. 14- 
15; elsewhere, iii. 38; sun’s zenith-dis- 
tance on circles of intermediate direc- 
tion, how found, iii. 28-34; to find the 
same elsewhere, iii. 84-36; how found 
from shadow, iii. 14-15, 87 : instrument 
for obtaining sun’s zenith-distance by 
observation, xiii. 21 n, 

Zodiac—name, iii. 12n; signs of, see 
Signs. 

Zones of the earth, xii. 59-69. 

az-Zubanan, 16th manzil, 336, 

az-Zubrah, 11th manzil, 334 
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TWO SANSKRIT INSCRIPTIONS 


ENGRAVEN ON STONE: 
THE ORIGINAL TEXTS, 


WITH TRANSLATIONS AND COMMENTS. 


By FITZ-EDWARD HALL, Esq., M.A. 


Presented to the Society October 26, 1859. 


THE stones containing the inscriptions now published were 
procured, the first at Bhera Ghat* on the Nerbudda, and the 
other at the village of Tewar.» Both these places I visited, in 
1857, while on the first march from Jubulpoor to Nursinghpoor. 
The larger stone had been brought, as serviceable building- 
material, to the side of a temple which was in course of erection. 
When rescued, it was on the point of being buried, face down- 
ward, in one of the walls. Had its threatened fate been realized, 
quite possibly it would not have been spoken of in print for sey- 
eral centuries. 

More than one historical fact deserving of record has been dis- 
covered from these monuments. The queen of Gayakarna Deva, 
Alhana Devi, was daughter of a Rana of Udeypoor, and grand- 
daughter, through her mother, of Udayaditya,* king of Malwa, 
The paternal greatgrandfather of this lady, Hansapala, is, further, 
a representative of the royal house of Mewar, now first brought 
to light. A near approximation to the dates of three of her pro- 
genitors being practicable, a basis is afforded by which a portion 
of the current chronology, for the medizval period, of preémi- 
nently the foremost family of Rajpoots may be readjusted to 
advantage. 

The names of the modern rulers of Chedi,4 beginning with 
the earliest, and the names of their consorts and kinsmen, so far 
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as they have been ascertained, shall here be exhibited. The 
first genealogical table shows the family that reigned in Central 
India: 


Lakshmana Deva® or Yuvardja Deva.f 

Kokalla Deva. 

Gangeya Deva. 

Karna Deva He married A’valia Devi, a Hina.» 
Yas‘ahkarna Deva.' 

Gayakarna Deva.) He married Alhana Devi.« 
Narasinha Deva.! 

Jayasinha Deva, brother of the last. 

Vijayasinha. He married Gasala Devi. 
Ajayasinha Deva,™ heir apparent. 


Alhana Devi’s ancestry, as deduced from my larger inscrip- 
tion, was as follows: 


Hansapdla, a Gobhila.® 

Vairisinha. 

Vijayasinha.° He married S'yamala Devi, daughter of Udaydditya 
of Malava; and these were the parents of Alhana Devi. 


The second person mentioned in my larger inscription has a 
very unusual name. That his kingdom was that of Chedi is 
beyond doubt. I am not prepared to pronounce him identical 


with the Kokalla who is expressly said to have been lord of that 
country, and who was likewise a Haihaya; but, as, on further 
enquiry, the two may turn out to be one, I shall enumerate such 
of the descendants of the latter as are known from inscriptions 
that have been found in the west: 


S‘adruka, S/ankaragana Mahddevi. = Arjuna. 
or Ranavigraha. His son was 
Mahdlakshmi Aggana (?) Deva, 
or Lakshmi, and who had a daugh- | 
Govindamba, were ter Dwijamba. 
his daughters. 


This Kokalla thus had, at least, three sons and one daughter. 
S‘adruka, after a single glimpse, is seen no more. S‘ankaragana? 
is termed lord of Chedi: but it is questionable whether the title 
was ever more than a compliment of hopeful expectation. Ma- 
hadevi married a royalet named Krishna. Who he was we are 
still to learn. Their son, Jagadrudra or Jagattunga, as to whose 
nationalit equally little has transpired, married his two cousins 
german, Lakshmi and Govindamba. This spirited polygamist 
had, however, already wedded a daughter of Akdlavarsha; but 
he had by her, it should seem, no issue. Indra, his son by 
Lakshmf, was nevertheless allowed—so elastic is Hindu cour- 
tesy—to be a grandson of Akalavarsha, and was his heir to the 
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Yadava raja-ship. Indra’s wife was Dwijamba, granddaughter 
of his grandparents’ brother Arjuna.4 

Far from insignificant were the later dukes of Chedi,' as is 
patent from their matrimonial alliances: and yet—such is the 
caprice of fortune—the extent of their occupancy can now be 
estimated only by the opinion of their power; and the determi- 
nation of its loasties has not been effected without some little 
research. In the most recent of their inscriptions is the last 
word of them that oblivion has not usurped. Their neighbors, 
the kings of Gadhamandala, may have wrought their extinction; 
for, as it appears, their territory passed in part to those chief- 
tains, while the eastern shire of it was ultimately possessed by 
the Baghelas of Rewa. 

The later Bhoja of Central India has been assigned, on toler- 
ably cogent gounds, to the middle of the eleventh century. Of 
his grandsons, one, Lakshmidhara, was living in A. D. 1104; 
and another, Naravarman, died in 1183. Udayaditya, who con- 
nects the two generations, may, then, have flourished about 
1075. Alhana Devi, who is named, in the older of my two in- 
scriptions, as if she were still surviving at the time of its exe- 
cution, was a scene we. oe a as we have seen, of Udayaditya. 
She may thus have been born about 1100. According to the 
— of this paper, and other evidence, one of her sons, Nara- 
sinha, was snenrg = a year 907; another, Jayasinha, in 928 ; 
and her greatgrandson, Ajayasinha, was a minor in 932." Her 
birth may, therefore, have taken place as early as 850, which 
carries back Udayaditya perhaps to 790. These lesser numbers 
plainly do not denote either the era of S’/alivahana or that of 
Vikramaditya.Y Nor can they be computed from that of Vala- 
bhi, as ordinarily assumed to count from A.D. 319: a position 
which, in passing, I believe to be contestable. The specifications 
attached to the disses 907 and 928 are, however, so full, that any 
one who chooses to undertake a somewhat tedious calculation 
is provided with data from which the first year of this, or of 
some other unaccustomed epoch, may be ee determined. 

Of the two inscriptions now edited, the second, a rude speci- 


men of engraving, I copied with its stone before me. As for the 
first, I have made use of a couple of fac-simile tracings from it: 
but they were prepared by a native, a Muhammadan, who was 
unable to read a letter of the original, and who, consequently, 
is not to be suspected of conscious attempts at amendment. 
The style and conformation of its characters resemble, as nearly 
as possible, those observed on the —— late of Gasala Devi. 
t 


At the end of the sixth, sixteenth, and thirty-first stanzas are 
elaborate flourishes. Once they were, it may be, of some signifi- 
cance, now forgotten: here they simply mark the conclusions of 
paragraphs. 
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af camfasot ap Frey nw 
Tet: eae Pe Oe: PUTT RT 
Fi at aging: Reman age are 
Ta Tfaame: fratarrataraaen- 
Rrerep igre qua: ary a wen 
act ag Fey ag Feratiet ar Teg aL AT 


RITE PARTS 

a Water Ty A ast Mle aera: 
eT ACAI THY TATE: Fa: wee 

MeL ATTA: 

MUTATE: Ty RETO: frarftr a: un 
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| VeRalsaTENAT 
mrad Wy Aaa a 
TAMA TAATA | PAT 
Ae Gat aT erga 
TA TART FTIR FT Head RL 
Tar Peart stra SIN A 
Tritieriogat afpett avenahe aeqy 
TAT SAM SHTT AT TY Tet Tet TT PAZ HoH 
TANS PMA Aad: Grae 
TT: PASSAT Fat A ARM 


WIRE Tit FoeTATTT 
ar Mae anageiinnsaral 


Tata. qa FT ARIUS ton 
asset ela: at: eaUieT Rete 
UTA ATTA eee Tere era terATT UH 
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ag! ag aa ag Rey A! 
AE WAT TAS AU FAT TET 
afer Tait wre eareargamrnien 
TRAM wa qe qt aR 

arat aaa 


TTS TA vee ae sary amact z- 
anamng "afrrterany faery a: er varie 


* The eq is rather dim in my fac-similes. The word in which it occurs ends a 
line on the stone, which is here somewhat worn. There is no doubt about the 
S; *JeT is the only form given in the dictionaries; but @7@ is equally gram- 
matical. 

+ I may as well remark, concerning this unusual name, that its appearance on 
the stone is such as to preclude all uncertainty. No person who is familiar with 
Indian inscriptions need be told that "3: was here to be expected. Had this, 
however, been the intended reading, the method observed, without exception, in 
this inscription, would have converted the nasal point, at the end of the foregoing 
verse, into a 7, 

} In these words, at the termination of a line, the stone is slightly broken. The 
tat is unmistakable: but the conjunct 47 has no authority but indisputable neces- 
sity. The verb is completed, in the next line, with perfect distinctness. 

§ This division violates a law of prosody. 

| Some letters are here missing, on the stone, directly beneath the °Tay7- spoken 
of in the last note but one. The 4 is plainly legible; and the following line com- 
mences with oaeRTy. My suggestion of °fait- will hardly be challenged. 
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THAT UAT 
FARR PA RUT 

TT AAAI scare tat 
mrateatcataae ads nN 
APTA: Me TART TTT: 
TITIUTT: TTT TATT: | 
PAA UP: Ara ea A TET: 
Pea: AT way TPTET 0&0 
ate oftarre mires 
TANTS At: Ret RAITT 
oferta aay 
TATA AT AMAT: tt You 


TACAT TAS: CUTTER 


qari Tatas ae wen 
a attiet varag hou 
HAT THT RP ATUT. 
maa FT AT ah 
quit a eteeiincenabl 
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ATT: AAT UT ART ATTAATTT: wean 
| TASTY ATTAUS A 
| — Aererigengat Aza 
aaa ara: 29.0 
MTA Me aAlUbyat awrAT 
sre PTAA TAT ASTAE ATt 
| aaaaisdeeenaeas uae 
. Pret THRU AE | 
aa Olict oeereat fear wey nxn 
TANIA RAT Aart 
TUTATAT TUTE | 
aA qt TRIPTTZ 
aa AT ATT Tn 
WT ARR ATAT: AY ATA 
Reritteng ayer x 
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apicrerarar Sait atte Far orate 
AT AT TMT FTL AeA TUTTE earTeTey 141 
mens asa watieee: 
SGIE CT AAAs SEALANT: | 
at AAATETS TATE 


THT ITT ATAT ARASH Uo 
Mera: qatar 


Re Here is another prosodial defect, similar to that pointed out in the fourteenth 
stanza. 
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ATTA safari waz 
areal refit aT Ty! ney 
Tara antaatereca- 
MATA AAA AAT 
ALATA ATMA ST 
TT TUT AMAT AT Tun 
RTH eM LT | 
ACER ING MECC OACIUG MOGRETS) 
aE I AAT 
TATA | 
omiertarterag aatay 
feausett Porta nz8n 
CTSA RTT SAAT: | 
TATTETAR LT GT ae: Mifare: wate 
ayaaed wa Prete 
qaqa: gay Pat qa uz kn 
errrenfiemitiefeteh 
frat aaweagig atlepra eat TAT ZN 
Haq too Antaie 4 Tat 


_ * The first half of this line faultily ends with the middle of a word, the syllable 
@ ; in contrariety to a metrical canon. 
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TRANSLATION, 


Om! Glory to S‘iva! 


1. May the lunar digit on the brow of the Moon-bedecked— 
which digit, though but one, and individual, yet, even in the ab- 
sence of evening, constantly begets the conviction, as pertains to 
the opulent in attendants, that it is the second—augment your 
prosperity, and preserve tt unimpaired.! 

2. May the ranges of sacred watering-booths—chafed by the 
cme and leaping waves of the celestial river which meanders 
on the head of S‘iva—protect you. Is it lines of white lotoses 
that present themselves? Or divisions of the moon? Or germs 
of virtuous deeds? Or, else, the sloughs of serpents? Or, again, 
eruptions of ashes? Thus are they made the subject of specula- 
tion by the immortals.” 

3. That which is a pure pervading element; that by whose rev- 
olutions the earth is illuminated ; that which imparts happiness 
to the eyes of the world; that which is the cause of diversity 
among savors and the like, whose inhesion is in the terrene; 
that which is a receptacle surcharged with odor; he that sacri- 
fices ; that which 7s absolutely cold; and that which is tactile, but 
devoid of color: may S‘iva, by virtue of these material forms,? 
defend you. 

4, May Nilakantha*—exciting, by the display of his javelin and 
battle-axe,° affection in his votaries; the smeared with camphor ; 
and exultant in his dance—confer on you all objects of desire. 

5. May the Elephant-faced’—counterfeiting ivory whiter than 
the jessamin, in bearing a lunar fragment’ potent to dispel the 
darkness® of multitudinous impediments, and free from the small- 
est stain—compassionately accord to you supreme felicity. 

6. May Saraswati—practicing, with manifold elocution,? all 
her devices; and by employing though but the minutest rudiment 
of whose blandishments, men inspire, in assemblies, the highest 
reverence—support you. 

7. In the lunar line" there was a sovereign, by name Arjuna: 

ssessor of a thousand arms; a fire, by night and day, in sub- * 

uing the hearts, one after another, of all dwellers in the three 
worlds; by his effulgence putting contempt on other monarchs ; 
and, by the recollection of whom, things long ago lost, or taken 
by thieves, are, even to this day, recovered.!! 

8. Among his descendants arose Kokalla Deva: a famous 
lord of earth; whose story, though most wonderful, ts yet not 
mythical; wearing a majestic aspect; and whose name, invoked, 
was the sole resort that produced joy to the triple universe. 

9. From him sprung King Gangeya Deva: who, by the dis- 
comfiture of hostile princes sustaining huge mountains of pride, 
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acquired infinite distinction; and who, an all-bestowing tree to 
suppliants, as making Mount Meru unworthy of similitude, placed 
this earth, though lying below, above elysium, and rendered it 
a fit habitation for the gods: 

10. The vine of whose renown—a vine sprinkled with the 
nectar of meritorious achievements, and promotive of pure ex- 
cellence—expanded itself over the entire pavilion of the cosmic 
egg. | 
eT. Of him—who replenished with gold the ocean of impor- 
tunities of his crowd of petitioners; and of coveted celebrity— 
was born King Karna: 

12. Which king, unprecedented in splendor, maintaining the 
full energy of heroism, the Pandya discontinued violence; the 
Murala renounced aii inclination of arrogance; the Kanga ne- 
gotiated an audience; the Vanga, with the Kalingas, was solicit- 
ous to do thereafter; the Kira, like a parrot, staid in his house, 
as a cage ;!? and the Hina! dismissed his elation : 

13. Princes at variance with him ; whose consorts severally thus 
protested: ‘This whole country, which he enjoys in consequence 
of the defeat of our lords, will we, as it were, diminish to view: 
for that, by the tears springing from our eyes, we have made 
great the seas; and we have, moreover, aggrandized them by 
the surpassing water! of our jewels.’ 

14. From him the illustrious Yas’ahkarna derived Ais honor- 
able origin: who lighted up the circuit of the quarters with the 
moon of the fame which accrued to him from devastating Cham- 
paranya;!> whose heart was free from crookedness; preéminent!® 
among rulers; who, holding all learned men whomsoever in 
esteem, enriched them by his munificence. 

15. From him, a treasure of the perfection! of all virtues, in- 
scrutable, sprung King Gayakarna Deva; the very sun of whose 
grandeur availed!® to bring about the uprising of a sea!® of deso- 
lation to the wives of Ais foes. 

16. A monarch was he, who, in brightness of complexion, out- 
rivalled orpiment;” who was a cornucopia”! of probity, a gar- 
land of diffusive merits, the one destroyer of the hordes of his 
enemies, of unsullied splendour in battle, restraining the wicked 
by Ais beaming glory, and whose sword was of the keenest. 

17. The race* of the sons of Gobhila is of note among the na- 
tions. Therein was born King Hansapala; by whose thronging 
armaments, equipped with gallantry, and irresistible, the mar- 
shalled squadrons of all combined antagonists were humiliated. 

18. The issue of his body was the fortunate King Vairisinha ; 
whose feet were tinged by the reflection of the head-gems in the 
frontlets of all tributary chieftains,” prostrate in act of fealty ;* 
a repository of faultless wisdom, but not, indeed, an asylum® to 
imperious suitors. 
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19. He, Vairisinha, moreover, consigned the kinsmen of his 
adversaries to the recesses of deep caverns; and, entering in per- 
son, caused that their women* neglected their tresses altogether. 

20. Of him was born King Vijayasinha; the good fortune of 
whose foes was overborne by the pressure of his comeliness and 
chivalry, deserving the congratulations of all the people; and 
the moon of whose glory was waxing in the world continually. 

21. S’yamala Devi, the beauteous daughter of Udayaditya, 
supreme ruler of the realm” of Malava, was his consort; a talis- 
man®* of bountiful courses, and lauded for her elegance. 

22. Of him, King Vijayasinha, equal to the custody of the 
world, was born, by her, Alhana Devi; in presentment, the spot- 
less fluttering pennon of her long-descended lineage :* as the 
wife® of S’ankara had her origin from the Master of Mountains, 
by Mena,*! and as the spouse of S'ubhrabhanu sprang from Dak- 
sha, creator of the human family, by Virini.® 

23. King Gayakarna, celebrating nuptial rites with her, be- 
stowed on her the highest affection ; even as S’ankara on S'‘iva.® 

24. She, a mansion of erotic sentiment, the pinnacle-ball* of 
accomplishments, a wreath of loveliness, the emporium of excel- 
lencies, brought forth, by King Gayakarna, a son, King Nara- 
sinha Deva. 

25. Of him, the prosperous King Narasinha Deva, may the 
refulgent moon of glory as it were imbue the walis of the : ecn 
tions with grateful store of refreshing nectar. And may the 
earth, obtaining in him a fitting protector, thus enjoy content, 
* = of foregone mighty monarchs it shall take no slightest 
thought. 

26. May his younger brother, Jayasinha Deva—in wondrous 
wise doing honor to his brother, the first-born; like as for Réma 
regard was had ty Saumitri—be eminently victorious; who, 
strong-armed, defeated his enemies’ hosts, strepitant as thunder- 
tng clouds, teeming with strategy, and comprising warriors of 
most stalworth frames. Bravo!” 

27. That lady, the open-handed Alhana Devi, mother of the 
happy Narasinha Deva, occasioned this sanctuary of Indumauli*® 
to be erected, and this cloister, with its admirable pavement. 

28. The same, by the agency of her*commussioners, constructed 
this kal! of learning and line of gardens, wanting for nothing, 
in two ranges, attached to the temple of S’ambhu. 

29. To this divinity, entitled Vaidyanatha,®”” the queen—to the 
end that her good deeds might be blazoned—-set apart the village 
known by the name of Undi, in the canton® of Jaiilf, with all 
the dues exigible therefrom. 

30. In like manner she appropriated another village, called 
Makarapataka,*® situate at the base of the hills, on the south 
bank of the Narmada. 
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81. Let the auspicious Rudraras‘i, a Pas’upata” ascetic, of the 
Lata‘! race, and his heirs spiritual, fitly administer the duties of 
the charge of this edablahonent, till S‘’ambhu shall mete out the 
duration of the spheres. | 

32. In the family of Maunin—connected with three branches, 
those of Bhargava, Vaitahavya, and Savetasa**—was born, of 
Mahes’wara, so called, one Dharanidhara, by name; a person of 
worship, repute, and good presence: 

33. By whom—adorned with seemly radiance as his frontlet, 
replete with exuberance of exalted tenderness, and whose grati- 
fying condition long endwred—the three worlds were, so to speak, 
irradiated. 

84, His son, Prithwidhara—who has scanned the further shore , 
of the profound main of all science, and whose concourse of dis- 
ciples has conquered scholastcally the round of the quarters— 
transcribed* this encomium. 

35. His—Prithwidhara’s—younger brother, of singular skill 
among such as are conversant in logic, the learned S’as‘idhara, 
as was his appellation, composed this memorial : 

36. All this the artificer** called Pithe, proficient in the ordi- 
money of Vis'wakarman,* has regulated; as Prithu disposed the 
earth. 

37. Mahidhara, son of the chief craftsman, Balasinha, wrought 
this stone with characters; as the firmament 7s bestrown with stars, 

Sunday, the 11th day of the light fortnight of Marga, in the 
year 907. 


Inscription No, II. 
TUE TL AT TAMA ATL | 

FUE AACA TATA TAGE WAM 
Sra TAT: Aaa | 
Faroe era PereparT sea ATS tT PT STATE: 
PTT Ah Ve RTT SAT ATACA RTT: | 

RUA: AAT TATA 30 = 

Had tee Aare & Ta BET 
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TRANSLATION. 


1. We render homage to the supreme Brahma, who ‘s intel- 
lect and felicity ;*7 adored by Brahma and the other inferior dei- 
ties; Mahadeva;*® god of gods; parent of the world.” 

2. The son of the fortunate King Gayakarna, the auspicious 
King Narasinha Deva, has conquered the earth. May the fortu- 
nate Jayasinha Deva, the equitable prince, his younger brother, 
long be triumphant ! 

3. Kes’ava, son of the late A’ladeva Astaka, the Brahman so 
called, procured this temple of I’s'wara to be constructed.®! 

In the year 928; Sunday, the 6th day of the light fortnight of 
S’ravana; the moon being in the asterism Hasta. 

Family name™ of Kes’ava, the collector*—Katyayana; his 
residence—the village of Sikha, in Malavaka.*4 


ProsopIAL INDEX TO THE FORMER OF THE FOREGOING 
INSCRIPTIONS. 


No. of stanza. Name of metre. 
1, 5, 8, 15 ' 
ene 4 ‘at Vasantatilaké. 
2,3, 7, 9, 12, 
13, 14, 22, sat 
4, 10, 11, 23, 
28, 30, 35, 36, wt Vaktra. 
6. S'ubhé. 
16. Mialint. 
19, 27. Upendravajra. 
21. S’ri, 
24, Satt. 
29. S'alint. 
31. Indravajr4. 
32, 34. Varidhard. 
33. Arya. 


4 


S' Grdilavikridita. 


None of these metres call for special remark, except those of 
stanzas 6, 21, 24, 32, and 34. In these we have quatrains com- 
posed of the Indravajraé and Upendravajré measures intermixed. 
The modes in which they are combined were long ago alluded 
to,* but have not yet been detailed; and the A’khydnaki, which 
Colebrooke correctly limits,+ has erroneously been understood 
as embracing all these variations.t The A’khydnaki, as ordina- 





* Colebrooke’s Miscell. Essays, ii. 100. 

+ Ibid., ii. 124, 164, 

t Dr. Stenzler’s Raghuvans’a, p. 174; and Dr. Boehtlingk’s S’dkuntala, p. 290. 
Other editors have gone still further astray, in supposing the term Jndravajrd to 
denote a tetrastich of any of the sixteen sorts then = 75 the text, the Upendravajré 
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rily described, is the same as the Smriti; some, on the other 
hand, holding it to be one with the Maniprabhaé. The Vipari- 
takhydnaki, again, is equivalent to the S‘ivé ; or, perhaps, on a 
different view, it corresponds with the S’ubhé. Very likely the 
comprehensive cans aa about to be brought forward is of 
somewhat late origin. It does not, however, furnish appellations 
for mere factitious or new-fangled refinements; as will be seen 
—to go no further*—by the annexed references to a few of the 
first fifty-nine stanzas of a single canto of the Raghuvans'a.t 
The pure Upendravajré and the pure Jndravajré constitute, re- 
spectively, the beginning and the end of the series. 


zx 
° 


© STS HH Go bo 


Sanskrit name. Prakrit name. Composition. Raghu., II. 
Muaniprabhd, or Kirti. Kitti. 39. 
Kéantimati or Vani. Vant, 1. 
Sati or Malad. Mala. 15. 
Gati, or S’ald. Sala. 28. 
Smriti, or Hanst. Hanst. 2. 
Kris'd, or Maya. Maa, 59. 
S’ri, or Jaya. Jéd. 22. 
Dhriti, or Bala. Bala, 6. 
Unnatd, or A’rdrd, Adda. 13. 
S'ivd, or Bhadra. Bhadda, 9. 
Varidhard, or Premd. Pemméa, 16. 
Pritimati, or Raméa. Rama, 8. 
Priyd, or Riddhi. Riddhi. 31. 
S’ubha, or Buddhi. Buddhi. 12. 


—_— 

TRA qHrG 
BGG ttHdGG 
ee Stace 


mo 


qraqq@q"qra¢ 


me 
ne 


The metres of this table are disposed agreeably to a method 
which evidences some ingenuity. The ensuing couplet-—which, 
like those that follow it, is from the Vritta-ratndkara—states the 
rule: 


Te TATA, Me AT TTT: | 
mentary ret set aya: eperraay farferer 





not excepted. See Prof. Lassen’s Anthologia Sanscritica, p. 104; and his! Géta- 
govinda, Prolegomena, p. xxiv. Dr. Tullberg is of the same opinion, and, in like 
raanner, wrongly holds that the Jndravajrd may commence with a palimbacchius, 
or with an amphibrach, at pleasure. See his Mdlavikd et Agnimitra, p. vii. It 
may be observed that the stanza which he there numbers as the fiftieth has twelve 
syllables to the verse, not eleven. It is, therefore, Vans’astha; a metre which 
may be elongated from the Upendravajrd, by simply exchanging its final syllable 
for an iambus. 

* The eleven stanzas, blended of Upendravajrds and Jndravajrds, which occur in 
the S’dkuntala, exemplify no less than nine of these species. 

+ My authorities for the following particulars are the Chhando-mdrtanda, as cited 
in the Vrittaratndkarddars’a of Divakara Bhatta, son of Mahddeva Bhatta; and a 
treatise on Prakrit prosody, my copy of which is defective ‘at the commencement 
and at the conclusion, and of which I know neither the title nor the author. If the 
Sanskrit names in the first column here given have Prdkrit representatives, I have 
not met with them. 
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SA OMG ISAs Ter Tapa 
aA sa wrens: eatfatatraen: u 


A more explicit explanation, and one specifically adapted to 
the combinations before us, may be given in these words. Write 
U four times in a horizontal line. Under the first to the left 
place an I; and, to complete the second line and variation, bring 
down the other three, to accompany it. The same process is 
again and again to be repeated. The U which stands furthest 
on the right is always the letter which governs the leading con- 
version next to be effected; all the letters to the right of that 
directly under it being exchanged for U’s. Thus contiaue to 
operate until a line is brought out made up of I’s. 

Suppose, again, that only the number of a variation is known, 
and it is required to ascertain how that variation is constituted : 

TEM AT NaC FATS Ta aT AT 
Faroe Serr AUS TTT 0 

In other words, halve the figure, if the result will be an inte- 
ger. If not divisible by two without a remainder, first add 
unity to it. When four numbers are thus obtained, subscribe 
U’s to the odd, and I’s to the even. 


E ae ee | 6321 1263 3 146842 
"= wUuUUT UUILU iv? I III 


Once more, the components of a variation are given, to find 


its number: 
sce faqurararcedsry sarferery 
SERA Fa Aas Ere: Senfarerenieryw 


Write 1, 2, 4, and 8 beneath the four literal symbols, respect- 
ively; and increase by one the sum of the figures attached to 


the I’s. 


E UUUU UUIU IIUI IIII 
& 1248 1248 1248 1248 


O-I=1. 4415. 14248+1=12. 1424448+1=16. 

The couplets which follow, in the original, however curious, 
are of little practical value. Two of them show how to deter- 
mine the number of variations containing one I and three U’s, 


two I’s and two U’s, ete. Afterwards, the construction of the 
khanda-meru is described by implication. 
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NoTEs ON THE INTRODUCTION. 


a. Near this spot I saw a temple, in the circumjacent close of which 
were mutilated images, of large size, of the sixty-four Yoginis. 


b. When at this place, on enquiring its ancient name, I was told, by 
the village oracle, that it was the Tripura of the Puranas. 

In the eighth chapter of the Reva-méhaimya it is said that Tripuri- 
kshetra, where S‘iva flung down Tripura the Titan, lies to the north of 
the Narmada. 

The twenty-ninth chapter of the same work somewhat discordantly 
relates as follows. The demon Bana, in reward of his austerities as a 
votary of S‘iva, received from him the gift of a city. Brahma and 
Vishnu each adding another, he obtained the epithet of Tripura, or Tot- 
molec, When slain by S/iva, as he was traversing the heavens, a part of 
his carcass fell near the well-known mountain S/ris‘aila, in Siddhakshe- 
tra; another fragment, not far from Amarakantaka; and the remainder, 
in the vicinity of Gang4s4gara. The weapon, Aghordstra, with which 
he was demolished, reached the earth at a point of the Nerbudda hard 
by Jales'waratirtha, and sunk to Rasdtala, the nethermost of the infernal 
stages. Where this tale is briefly rehearsed in the Ganes/opapurana— 
prior section, chapter seventy-one—Bana carries off Pradyumna; whose 
father, Krishna, attacks the giant, and, after propitiating Ganes’a, over- 
comes the monster and takes possession of his city S/onitapura. The 
Vishnu-purdna tells a very different story. See Wilson’s translation, 
p. 596. Some ten chapters of the first half of the Ganes/opapurdna, 
beginning with the thirty-eighth, are taken up with Tripura or Bana. 

Parenthetically, M. Troyer is wrong in speaking of the “trois villes,” 
named from Tripura, as being “du moderne pays de Tipparah” (Réja- 
tarangint, iii. 610). It is stated, in the course of the legend above re- 
counted from the Revd-méhdtmya, that there is a Tripurapura in the 
neighborhood of S’ris‘aila. That the town vulgarly called Tipperah, 
which gives name to a district of Bengal, is more properly Tipura, by 
depravation of the Sanskrit Tripura, we have the high authority of 
Colebrooke. See his Remarks on the Husbandry and Internal Com- 
merce of Bengal, London edition of 1806, pp. 28 and 30; and his Mis- 
cellaneous Essays, ii. 241. Some relevant but unverified assertions of 
Colonel Wilford will be found in the Asiatic Researches, xiv. 451. Of 
the situation of the third Tripura, or Tripuri, evidently the most noted 
of all, there can be little question. The Tripuri named in the Haima- 
kos'a is explained by Professor Wilson, in his Sanskrit Dictionary, as 
being “the modern Tipperah.” But the Haima-kos‘a, in my manuscript 
copy of the text and commentary, gives, as another designation of Tri- 
puri, afeamyt ; which, in the Calcutta impression, is corrupted to 
aftamt. I have not access to the English or other new reprint of this 
vocabulary. Professor Wilson also inadvertently gives aT, the adjec- 
tive of faqzt, as an equivaient substantive. 

I suspect that the ablution, spoken of at p. 492 of the Journal of the 
Asiatic Society of Bengal for 1839, took place at Tripuri, not at “Sri- 
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mantipuri,” as according to the translation. That the original runs 
siatagan, is not an unreasonable conjecture. 

It is, thus, tolerably clear that Chedi, at one time, extended down the 
Nerbudda almost to the western extremity of the District of Jubulpoor, 
as now defined. I shall retyrn to the consideration of Chedi a few pages 
forward. 

Professor Lassen’s deductions from the legend of the slaughter of 
Tripura are scarcely such as to command unqualified assent. See his 
Indische Alterthumskunde, i. 71, 72, foot-note. 


e. Under the reign of Lakshmidhara—son of Udayaditya, and grand- 
son of Bhoja—a grant of a village was issued by his younger brother, 
Naravarman. Its date is A. D. 1104. Naravarman lived till 1133. See 
the Journal of the Bombay Branch of the Royal Asiatic Society, i (1843). 
277-281; and Colebrooke’s Miscellaneous Essays, ii. 303. I will here 
simply mention that the speculations of the late Mr. Henry Torrens, 
which carry back the era of Udaydditya to the seventh century, are 
utterly without foundation. This I shall show at length, in a future 
communication. See the Journal of the Asiatic Society of Bengal for 
1840, p. 545. 


d, Their gentile denomination was, perhaps, Kulachuri. I am not 
prepared to say what relation, whether that of identity, or otherwise, 
may have subsisted between the Kulachuris, “ Karachulis,” Kalachuris, 
and “Kalabhuris.” See the Journal of the Asiatic Society of Bengal 
for 1839, pp. 488 and 490; Select Specimens of the Theatre of the Hin- 
dus, ii. 359 (second edition); and Journal of the Royal Asiatic Society, 
iii, 259, and iv. 19. 

e. Vonthéa Devi, daughter of a Lakshmana who governed Chedi, 
became the wife of Vikramaditya—if the name be not Vijitaditya—a 
prince of the Chaélukyas. See the Journal of the Royal Asiatic Society, 
lil, 2613; iv. 7,40; v. 345. 


f. The term Yuvardja is much more like a title, ‘prince regent,’ than 
like an appellation. For an apparent example of it as the name of a 
king, see the Journal of the Royal Asiatic Society, iii. 96. 

That our Yuvaraja is an antonomasia for Lakshmana Deva, is a reve- 
lation for which we are to thank a writer who has never yet been taxed 
with excess of critical scepticism. In the present instance, however, 
there is no reason why his word should not be taken without reserve. 
The fact here brought forward was immaterial to any of his theories. 
I mean Colonel Wilford. See the Asiatic Researches, ix. 108. 


g. He founded the city of Karnavati. See the Journal of the Asiatic 
Society of Bengal for 1839, p. 489. Karndvati may have been misread 
for Karnavali. If so, perhaps we have it in Karanbel, now a heap of 
Tuins, only afew miles from Bhera Ghat. But local tradition refers 
Karanbel to a chieftain of Gadh4mandala. 

“The famous S‘rikarna Deva, in his grant, lately found at Benares, 
declares that he was of the Haihaya tribe, who lived originally on the 
banks of the Narmada, in the district of the western Gauda, or Gaur, 
in the province of Maélava. Their residence was at Chauli Mahes’wara, 
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a famous place of worship, to this day, on the Narmada; and built by 
one of his ancestors.” Col. Wilford in the As. Res., ix. 103. 

“The ancestors of S/rikarna Deva, mentioned in the grant, were, 
first, his father Gangeya Deva, with the title of Vijayakantaka: he 
died in a loathsome dungeon. He was the son of Kokalla Deva, whose 
father was Lakshmanardéja Deva.” Id., ibid’, ix. 108. 

It is easy enough to imagine how Colonel Wilford would have spec- 
ulated on a Kokalla’s having a son S’adruka, had he been aware of the 
circumstance. 

h. See the Journal of the Asiatic Society of Bengal for 1839, p. 490: 
also note 13, further down this paper. 

i. Yas‘ahkarma Deva is the form in which, doubtless by mistake, 
his name is elsewhere written. Ibid., p. 490. 

j. Gaydkarna, the more grammatical form, is found in my second 
inscription, and in the grant issued by Gasala Devi. 

k. Her name has also appeared as Arhana Devi. See the Journal of 
the Asiatic Society of Bengal for 1839, p. 490. 

1. This prince, it should seem, left no offspring, male or female. 

m. Ajayasinha is placed in the year 932 of an unspecified era. See 
the Journal of the Asiatic Society of Bengal for 1839, p. 492. His con- 
sent to the grant of a village, made, at that time, by his mother, was 
considered to be necessary. As further evidence that he was only heir 
expectant to the government, and not actually in possession, we have 


the argument that he is styled agTeary. 


m. This appellation is the same as that of one or more ancient sages 
who have written on Vaidika matters. The immediate successor of 
the founder of the Udeypoor dynasty is called Guhila, in the only other 
inscription yet found, one from Mount Aboo, where he is commemo- 


rated : 
TATINTaT ETT: TIA 
martha: cafensiaers: | 
erent aft year 
aIga heer ToT: ws 


‘Preéminent is the generous raceof Guhila; abounding with branches 
and offsets; of good progeny; of laudable attributes; whose vehicles 
adorn the directions ; resting on the heads of monarchs.’ 

In translating, I have neglected the puns. 


TRA ATT ATATAT 
wana qa fearean: | 

me aT ateratsiyeattt 
wyatt Tule ARAATAT: WU 


‘The son of Vappaka was King Guhila, so called; a master of policy ; 
and whose name the rulers sprung from his family invocate, for the pur- 
pose of obviating the collective defilements of the Iron Age.’ 
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For the original of these passages, and of those shortly to be adduced, 
which has never before been published, I am indebted to the kindness 
of my noble friend the late Sir Henry Lawrence. Professor Wilson’s 
copy of the Sanskrit was manifestly a careless one. See the As. Res., 
xvi. 292-298. 

Concerning the Gahlots, as the Gobhilas are vernacularly entitled, Sir 
Henry M. Elliot writes: “Their neighbors, who for some unexplained 
reason are fond of imputing cowardice to them, say their name of Gah- 
lot is derived from gahla, a slave-girl; but the real origin is the fol- 
lowing, which is universally believed in Mewar. When the ancestors 
of the Rana of Mewar were expelled from Guzerat, one of the queens, by 
name Pushpavati, found refuge among the Brahmans of the Mallia 
Mountains. She was shortly afterwards delivered of a son, whom she 
called, from the cave—guhé—in which he was born, by the name of 
Gahlot; and from him are descended the present Ranas of Udeypur. 
Their claim to be descended from Noshirwan and a Grecian Princess, 
which has frequently been discussed, invests this clan with a peculiar 
interest.” Supplemental Glossary, i. 322,323. Sir Henry should have 
seen that this etymology has far too much of the ordinary complexion 
of native romance to deserve the ready credence he has accorded it. 

Had the name in discussion been derived from guhd, and so etymolo- 
gically significant, it would scarcely have been changed into Gobhila. 
Very likely it was originally Guhila, and was subsequently Sanskritized 
into Gobhila, for the sake of seeming canonization. 


o. The present mention of Hansapdla is, as I have already intima- 
ted, the first that we have of him. He was also called Vairata, unless 


Vairata was his brother, or some other near relative. I again cite the 
inscription from Mount Aboo : 
% Be * % % 


aA ar or: a 5 Pt arom 
am faomra: watiofaqoacifay Sfiar: ween 
aferqara fe Remafarete | 
io eaten a 
16 aera aN a 
farsraraac: Reigerwt ies aiken 


‘Vairata, a lord of earth, who destroyed the abode of his antagonists 
with his two staff-like arms, caused, by his might, the heads of those 
inimical to him to toss long on their pillows. 

‘That king, who had destroyed all his adversaries, having demised, 
in the next place Vairisinha [#. ¢., the lion of his foes] justified his de- 
signation the earth over. 

‘Of broad chest and slender waist, making the dwellers of the earth 
to tremble at his battle-cry, Vijayasinha [¢. e., the lion of conquest] then 
slew his enemies, as they had been elephants. , 

Instead of the first of these three paragraphs, Professor Wilson has: 
“the king of the world, having slain the associates of his foes, compelled 
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them to bow their foreheads to his footstool.” On this he observes: 
“There is, however, something wrong in the verse ; and it seems likely 
that we should have the proper name, in it, of another prince. Ksho- 
nis‘wara may be a proper name, instead of an epithet: but it is not 
ordinarily so used.” As. Res., xvi. 295. It is difficult to form even a 
guess as to what the Professor had before him. At all events, his text 
was miserably corrupt. 

p- Mangala, a Chalukya chieftain, is said to have repelled Buddha- 
raja, son of a S‘ankaragana. See the Journal of the Bombay Branch 
of the Royal Asiatic Society, iii. 203 etc. 


q- The matter of this paragraph I have collected from these sources: 
Journal of the Royal Asiatic Society, iii. 94 ete.; and Journal of the 
Bombay Branch of the Royal Asiatic Society, i. 217 ete., iv. 111 ete. 
The last reference has Kokkala for Kokalla. 

I have adopted, on examination, an obvious suggestion of the late 
Balagangddhara S/dstrin, as regards the topical acceptation of the term 
importing the relationship between Akdlavarsha and Indra. It may be 
added that Major G. L. Jacob has altogether misunderstood his original, 
in espousing Mahadevi to Akélavarsha. 


r. Professor Lassen, in 1827, wrote as follows, touching Chedi and 
its synonyme: “hisce nominibus nil de situ gentis definitur; nam om- 
nia prorsus sunt ignota. Chedes a Wilsone (s. v.) ad eam regionem 
referuntur, quae hodie dicitur Chandail: verum hoc contra auctoritatem 
Hamiltonis est, qui (Descrip. of Hind., IL, p. 13) asserit, Chandail Sans- 
crite dictum fuisse Chandala. Totam rem, ut incertam, in medio relin- 
quam.” Commentatio etc. de Pentapotamia Indica, p. 89. And the 
question, it is believed, has awaited adjudication down to the publica- 
tion of the present paper. 

Mr. Wathen confounds Chedi with Ganjam. See the Journal of the 
Royal Asiatic Society, ii.380. Afterwards he makes it to be “Chandail, 
in Berar.” Ibid., v. 345, 346.’ From Captain Blunt we know where 
Chandail begins, in one direction: but its extent has never been defined. 
Asiatic Researches, vii. 59 etc. Sir Henry M. Elliot, speaking of the 
Chandels, says that there is “a large clan of them south of Burdee, 
giving name to a province called Chandelkhand.” Supplemental Glos- 
sary, i. 180,181. But the word Chandelkhand, though analogical in 
formation, is, I find, nothing but a coinage: like the late Colonel Dix- 
on’s Merwaré—as it is written accurately—for what the natives call 
Magra. 

But, if Mr. Wathen’s views are more or less wide of the mark, neither 
can we rely on the dictum of Professor Wilson, who says that “the 
situation of the ancient kingdom of S‘is‘updla is always considered to 
be that of the modern Chandail; and in original Sanskrit writers 
Ranastambha * * is well known to be Chandail and Boghelt, and 
lying south of the country termed Vindhyapars’wa, the skirts of the 
Vindhya mountains.” Journal of the Royal Asiatic Society, ii. 394. 
Again he speaks, vaguely, of “Chedi, or Chandail, in central Hindus- 
tan.” Ibid., iii. 208. His earliest decision of this point is in the first 
edition of his Sanskrit Dictionary, where we read, in definition of 
Chedi: “The name of a country ; perhaps the modern Chandail. Or. D.” 
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This abbreviation indicates “the original compilation, when the word 
contained appeared to be correct, and could not be found in any other 
authority.” The fact seems to be, that the apposition of Chandail to 
Chedi was the mere guess of some a and a guess prompted b 
their remote similarity in sound. Yet it is written, in the Professor's 
translation of the Vishnu-purdna, p. 186: “Chedi is usually consid- 
ered as Chandail, on the west of the Jungle Mehals, towards Nagpur. 
It is known, in times subsequent to the Purdnas, as Ranastambha.” 
This annotation is annexed to the impossible word “Chedyas.” The 
Sanskrit has Chedi; the people of which are Chaidyas or Chedayas, 
i to Hemachandra. The Jungle Mehals are to the east of 
Chhoté Nagpur, and conterminous with it; and the equivalence of 
Chandail to the doubtful Ranastambha is altogether hypothetical. See 
the Quarterly Oriental Magazine for December, 1824, p. 192, foot-note. 
There is no such country as Ranastambha named where Professor Wil- 
son thought he had found one. See the Journal of the Royal Asiatic 
Society, ili. 262. Among the descendants of Jy4magha, says the Pro- 
fessor, “we have the Chaidyas, or princes of Baghelkhand, and Chan- 
dail, and Das‘4rha—more correctly, perhaps, Das/4rna—Chattisgher” 
(sic). Translation of the Vishnu-purdna. In passing, at p. 186 of the 
same work, Chhattisgarh only “seems to be in the site of Das‘4rna.” 
Das’arna was to the east of Chandeyree. 

M. Troyer confidingly asserts of the “Tchédas,” that “ils habitent le 
Behar méridional ;” and he speaks of Chedi as being “ probablement le 
Tchandail actuel.” Réja-tarangint, i. 567, note; ii. 629. 

It may be concluded that Rewa and Mundla, in part, if not in all, at 
least as to the second, were anciently embraced in the land of Chedi. 
At that time, as in times when the old geographical nomenclature of 
Central India had fallen into disuse, it also took in something of the 
District of Jubulpoor. When Dhrishtaketu was lord of the Chaidyas, 
his residence was at S/uktimati; and at one period, if not then as well, 
a stream of the same name flowed past the capital of Chedi. Hard by 
was Mount Koladhala. Mahabharata, Vana-parvan, s‘l. 898 and 2581; 
and A’di-parvan, sl. 2342-2368. We might expect to find that the 
S‘uktimati river took its rise in the S/uktimat mountains; but, on the 
contrary, its source is referred to the Riksha range, from which various 
Puranas derive the Nerbudda, the Taptee, and the Tonse. The site of 
the city of S‘uktimati is, therefore, not yet to be settled by the aid of 
its river. Colonel Wilford, with his usual eccentricity, relegates the 
S‘uktimati, “full of oysters,” to parts widely astray from its sober lati- 
tude and longitude. See the Journal of the Asiatic Society of Bengal 
for 1851, p. 254. 

The town of Tewar, a few miles from the station of Jubulpoor, was, 
in distant ages, included in Chedi; as has been made out in a previous 
note (note i): and the first of the inscriptions in this paper shows that 
the jurisdiction of Narasinha was not bounded, in a southerly direction, 
by the Nerbudda. 

Hiouen Thsang, the Buddhist traveller, according to his biographers, 
on leaving Uijeyin, proceeded nine hundred lis N.E., to the kingdom 
of Mo-hi-chi-fa-lo-pou-lo, or Mahes/warapura. But it seems, from the 
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Si-yu-ki, that, about a thousand lis to the N.E. of Ujjayini, he found 
the kingdom of Tchi-ki-t’o. M. Stanislas Julien thinks Mahes’warapura 
to be Mysore. Proposing, with doubt, Chikdha as the Sanskrit for 
Tchi-ki-t’o, he adds; “aujourd’hui, Tchitor.” Voyages des Pélerins 
Bouddhistes, i. 207, 424, 465, Mysore is, however, a long stretch from 
Chitor, instead of a hundred dis; neither of these places is N. E. from 
Ujjayini; and the second is not known to be of any great ——— 
On this last point small faith is to be put in Col. Tod. That Tchi-ki-t’o 
stands for Chedi may not be altogether a random suggestion ; especially 
as we are ignorant how far Chedi extended northerly. Again, taking 
certain mistakes in supposition, would Choli Mahes‘wara satisfy the 
problem of the two places which Hionen Thsang next visited after 
Ojjayini ? : 


s, See note e, above, 


t. It is singular that her progeny, not more than a quarter of a 
century after her death, should have consented to speak of her without 
mention of her distinguished extraction. Yet so it was. See the Jour- 
nal of the Asiatic Society of Bengal for 1839, p. 490. 


u. Ibid, p. 492. The editors of the Journal referred to were, as 
we now know, wrong in taking this year to be of the common Samvat, 
and corresponding to A, D. 875. 

Though I do not see what use can be made of the following remark 
of Colonel Wilford on his patent of Karna Deva, yet I transeribe it: 
“The grant is dated the second year of his new era, and also of his 
reign; answering to the Christian year 192.” Asiatic Researches, ix. 
108. The proposal to throw Karna Deva into the second century is 
characteristic. Of that chieftain’s setting on foot an epoch of his own 
we have here the only intimation. 


v. It may-not be superfluous to note that the eleventh day of the 
light fortnight of Marga, 907, and the sixth day of the light fortnight of 
S'ravana, 928, were not Sundays, in the era of Vikramaditya. Gasala 
Devi’s inscription, as printed, does not name the month, the semi- 
lunation, its day, or the day of the week. But I should like to examine 
the copperplate itself, 


w. I may add that it seems to have been aimed, in the manuscrip- 
tion of this memorial, to make it as formidable in aspect as practicable. 
To this end, few occasions are left unimproved of doubling consonants 
where the grammar permits their duplication, and of yoking the final 
letters of words to the initials of those that succeed. For example, we 
have #4, aiteat, and even fafaet and mJ; as also fren, which is an 
error. Equally unauthorized is fa-g, which is everywhere put for fee, 
The dental 4 is, in two instances, combined laterally with T; and 
likewise, in several places, with the dental and palatal sibilants; for the 
sake of conjunction, the anuswara is changed to a, before a sibilant, in 
stanzas six and thirty-five. In the last verse of the twenty-ninth stanza, 
the # of ate is repeated, although the visarga of the preceeding word 
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is retained. But, on the other hand, the sibilants are nowhere con- 
founded. @& and & have different symbols; and they are employed, 
generally, with just discrimination. The deviations, in this article, from 
accuracy, like several of the peculiarities above noticed, may have been 
the fault of the engraver. Thus, af& is once substituted for qf, a-yt 
for ayy, agara for agara, are for aH, and ara for area, 

From the eleventh stanza we learn that the jihwdamiliya and its & 
were once written 4 ; and, from the twelfth stanza, that the shape of 
the upadhmaniya and its ¢ (@) was CQ. 


I take this opportunity of expressing the opinion that nearly all the 
inscriptions in the earlier volumes of the Journal of the Asiatic Society 
of Bengal, which have not been republished, should be deciphered and 
translated anew. At least, a restatement of their facts of history and 
geography—based on a fresh examination, with all our present aids, of 
the originals—would be an enterprise neither unworthy nor infructuous. 
A reservation would, however, fall to be made in favor of those among 
them which were entrusted to Dr. Mill, Mr. Sutherland, and Captain 
Marshall. 

Relics of the description here referred to deserve, indeed, all the care 
that scholarship can bestow upon them; and, occasionally, for a reason 
quite independent of their value as chronicles. The princes, at whose 
instance they were written, employed for them, it is reasonable to sup- 
pose, the best ability they could command. The teachings of the past 
must have admonished them that in these memorials, if at all, their 
names and deeds would survive to coming ages. The style of an in- 
scription, especially if the inscription be in verse, may, accordingly, be 
taken as no unfair index of what was reputed to be literary excellence 
at tue time of its composition. 


Notes ON THE TRANSLATIONS. 


1. The divinity here invoked, under two epithets, is Mahadeva. The 
‘attendants’ referred to are the well known ganas. There are fifteen 
groups of them; named Gomukha, Harina, Stirna, Talajangha, Vriko- 
dara, etc.—Reva-mahatmya, 29th chapter. 

S’as'i-s‘ekhara I have rendered by ‘moon-bedecked,’ As for the 
s'ekhara of S/iva, since he wears it on his forehead, it would be incon- 
gruous to speak of it as a crest; though it is usually so denominated. 
The ordinary s/ekhara was a sort of mural crown. In the eighteenth 
stanza we have a s‘ekhara enchased with precious stones. 

According to Hindu notions, the moon has sixteen digits; and the 
first of them never appears in the heavens. The new moon, the day of 
which they call the second of the light fortnight, is held to be a combi-~ 
nation of the first two. But the writer of this inscription evidently 
conceits that the first digit is not seen, as having been transferred to 
S‘iva. 

By poetical license, Zft is omitted after féeftat, in the third verse of 
this stanza. 
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2. In turning this quatrain into English, perspicuity was consulted 
by an entire departure from the structural sequence of the original. 

Even after knowing that the stands in S’iva’s hair are stands, one can 
form but a slightly less indefinite idea of them than was entertained by 
the supernals in their state of ocular indecision. It is, therefore, diffi- 
cult to divine the precise drift of some of these saintly conjectures. 
Virtue, agreeably to the chromatics of Indian morality, is white; and 
so, it may be inferred, would be the buddings of meritorious acts. Pos- 
sibly, in place of ‘eruptions of ashes,’ we should substitute ‘sources of 
majesty,’ which also is accounted colorless. Yet the interpretation in 
the text is strictly in keeping with S‘iva’s notoriously untidy habits. 

Terrestrial stalls, analogous to those here mentioned, or, at least, 
such as are seen in hundreds, every hot season, in Central India, are, 
generally, fragile structures of coarse grass, or of wattle and dab, open 
on one side, and just large enough to hold two or three persons in a 
crouching posture, and as many jars of water. 

To all appearance, whether rightly or wrongly, the word gat is 
sometimes used in the sense of a small affluent or feeder. See the Jour- 
nal of the Bombay Branch of the Royal Asiatic Society, for April, 
1843, p. 222, foot-note. 

There is a stanza, by the poetess Padmavati, closely resembling, in 
style and construction, that to which this note is appended. Venidatta 
quotes it, in his Padya-veni. It depicts a lady’s folded arms: 


fe apRaqaaccaiae Prat sureitert 


fe admghrarcae fa ararsttert | 
fe mrauaguifufagne wargethiga 


5 a * 
uve STS AT Aer tt 


) 

Further down I shall have occasion to recur to these verses. 

3. These manifestations, as here intended, and in the order in which 
they are implied or described, are the ether, the sun, the moon, fire, 
earth, the chief priest in sacrifice, water, and air. See Colebrooke’s 
Miscell. Essays, ii. 248, foot-note; Wilson’s translation of the Vishnu- 
purdna, pp. 58 and 59, foot-note; the opening of the S’ékuntala drama; 
the Kumadra-sambhava, vii. 76; and Hemachandra’s scholia on his own 
vocabulary, ii. 110. 

YAdava the lexicographer, as cited by Mallinatha on the Raghuvans'a, 
ii, 35, enumerates these forms in the following couplet: 


qhaeat fered ast arqqrenrarer 
qaraaaat seat sere Aer: 0 
Mohanadasa Mis’ra, in his Hanumdn-ndtaka-dipikd, adduces the en- 
suing lines, of the same import, as from some dgama, or sacred author- 


ity : 
yearet aa: Haase seater A: 0 





Two Sanskrit Inscriptions. 525 


M. Chézy, as he says in his edition of the S’ékuntala, p. yo., found 
the distich about to be quoted on one of the outer leaves of a MS.: 


sei Fat vet afgetrgy reat qa a 
aifaett srrerar: are FET AAT: SPAT: 


Professor Wilson, where referred to above, alleges that this is from the 


Vishnu-purdna ; in which, however, I read, on the concurrent authority 
of nine MSS. : ; 


Git set dt apiggemata = 
ciferett srrerar: ST Zea: SIT 


In hundreds of places, the discrepancies, for many consecutive verses, 
between passages in different Puranas, when one and the same subject 
is under treatment, are no grosser than these. The lines adduced by 
M. Chézy are still to be verified. Professor Boehtlingk has accepted 
Professor Wilson’s statement, and, it should seem, without thinking to 
test its accuracy. See his S’akuntala, p. 142. 

Of the five elements, as the Hindus reckon them, the ether alone is 
propounded to be universally diffused. It is, further, maintained that 
the development, in earth, of color, taste, smell, and tangibility, is due 
to the influence of caloric. Stench and fragrance can be predicated of 
earth only: the characteristic of water is coldness: and the atmosphere 
can be touched, and has no hue. 

Of the eight constituents of Krishna, only the five so-called elements 
are included in the catalogue above detailed; three, or mind, intellect, 
and consciousness, being the substitutes for the three objects omitted. 
See the Bhagavad-gitd, vii. 4. 

Professor Wilson, in the second edition of his Sanskrit Dictionary, 
similarly sets forth the constitution of the mei ; except that he 
puts “crude matter,” or prakriti, in lieu of ‘consciousness,’ The ex- 
change is certainly a mistake. 

In the fourteenth chapter of the Varmadd-mahatmya, the octoform 
S‘iva is thus represented : 


Wet: MT eT TAT AT aT TTT 
fo c — > ser : sq 4 5 

Here, instead of the five elemental substances, we strangely enough 
find the five qualities of which the senses take cognizance; or sound, 
tactility, odor, sapor, and color. The complement is made up as in 
the Bhagavad-giid. 

4. Or ‘he of the dark throat;’ that is to say, S’iva. The fable ac- 
counting for this designation will be familiar to every one that reaches 
this note. See the Mahabharata, A'di-parvan, s‘l, 1154. 

5. The author of the Budha-manohara alleges that Kshira Sw4min 


defines eft by ayy. If it be so, my copy of the Amarakos'odghatana 
is defective. Hemachandra, annotating iii, 437 of his own vocabulary, 
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says that the heti is a weapon of offense; as is, indeed, declared by its 
assigned etymology. 


6. This is Ganes’a; who, however monstrous in what should be his 
divinest part, is figured with the body of a man. 


7%. Ganes‘a, no less than S/iva, wears a digit of the moon on his fore- 
head. How our poet, adhering to what he has said of the latter divin- 
ity’s ornament, would make good its place in the sky, it is hard to say. 

The following piece of mythology is taken from the prior section of 
the Ganes'opapurdana, sixty-second chapter. Ganes’a, with intent to 
deter Brahma from the work of creation, assumed a transformation de- 
vised to inspire terror: but the moon was so rash as to deride the hid- 
eous disguise. The divinity, incensed at this discourtesy, pronounced a 
malediction on the heedless luminary: in future its aspect was to be of 
evil omen. Commiserating the lunar distress, the minor gods went about 
to make interest, on behalf of the forlorn orb, with Ganes’a. By degrees 
he suffered his wrath to be somewhat mollified. Dissatisfied, however, 
with this partial result, the planet procured from Indra the monosylla- 
bic prayer to his oppressor, and silently repeated it, for two and twenty 
years, on the south bank of the Ganges. Thus perseveringly impor- 
tuned, Ganes‘a appeared, cancelled his imprecation entirely, and asso- 
ciated the worship of himself with that of his suppliant, on the fourth 
day of every dark fortnight. Demanding one of its digits, he fixed it 
on his brow, and was thenceforward surnamed Bhalachandra. His 
grateful votary finally erected a fane in his honor, the site of which is 
celebrated as Siddhikshetra. 


8. For aaa (-4), ‘universal gloom,’ Professor Wilson, in his Sans- 
krit Dictionary, erroneously gives aq (-7:); wrongly citing the 
Amara-kos‘a as his authority, and also infringing Panini, v. 4. 79. The 
Manoramé and the Tattwa-bodhini do not even hint at any variety of 
opinion touching the form of this word. 

9. Thus I translate {q, a substantive of very rare occurrence, I am 
told.* 

Saraswati is the patroness of letters and of eloquence. The inscrip- 
tionist is celebrating the seductiveness of artful rhetoric. 

10. On the word sta, which is used here, and elsewhere in the rec- 
ord before us, I have remarked at length, as also on gay, in a foot-note 
to p. 232 of the Journal of the Asiatic Society of Bengal, for 1858. 

Al. Allusion is here made to a aunties still very prevalent in 
India. The ensuing couplet, which is in the mouth of every learned 
Hindu, I found, after some search, in a colloquy between Agasti and 
Narada, in an extract from the Brahménda-purdéna, of which I am un- 
able to name the book and chapter: 


earer 
AMAA ATT TAT ATEATAATY | 
AM SUA Tet AE AT ATT 


* See our additional note, at the end of this article. Comm. or Punt. 
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‘Arjuna, the son of Kritavirya, was a being who had a thousand arms. 
By simply calling him to memory, that which was lost or mislaid is 
found again.’ 

wecaM A rT tsa sua! “In his reign nothing was lost or in- 
jured.” Translation of the Vishnu-purdna, p. 417. The conceit ex- 
pressed in the stanza transcribed above may have arisen from this say- 
ing. The commentary on the words from the Vishnu-purdna runs thus: 


TICLM A Aaa sua Taatsdteerea + faataat a zortate 
STARA ATTA TEINS: | 
ATCA Ba Aa ATTRA | 
STAT: | 


Here the Kuéirma-purdna is cited to the same effect with the stanza 
from the Brahménda-purdna. 


12. There is a pun here, in the original. 


13. In this stanza, denominations of peoples—tallying, for the most 
part, with names of countries—are, by a noticeable idiom, put for their 
rulers. 

The Pandya kingdom is considered to have embraced the present 
District of Tinevelly, with something of Madura. 

Murala is another name for Kerala, now Malabar. At least, the 
commentary on the Haima-kos/a, iv. 27, asserts their synonymy. M. 
Troyer, without adducing the slightest warrant for what he says, calls 
the Keralas “peuple du Pendjab.” Rdja-tarangini, ii. 605. Professor 
Wilson, having occasion to mention the Muralas and Mekalas, pro- 
nounces them to be “tribes along the Narmada.” Select Specimens of 
the Theatre of the Hindus, ii. 361. This is an inference, it may be 
supposed, from the fact that the Nerbudda is called Muralé and Mekal& 
or Mekhal4. Hemachandra says that the Nerbudda has its source in 
mount Mekala. The Mural4é, mentioned in the Raghuvans‘a, iv. 55, 
was, alleges Mallinatha, a stream in the region of Kerala. 

Waiving the chance of a misprint, Kanga was the same as Chera, 
now known as Salem. Chola lay to the east of it; Pandya, to the 
south; and Kerala, to the west. Mackenzie Collection, Vol. i, Intro- 
duction, p.xciii. In the same work—i. 63, 198—Chera is called Konga. 
Can it be that this is a modern corruption of Kanga? Also see the 
Journal of the Asiatic Society of Bengal for 1838, pp. 105, 106, 129, 
379, etce.; and Journal of the Royal Asiatic Society, viii. 1 etc. 

Apparently, Kanga is the country intended by the Chinese phono- 
graphs Kong-yu-t’o, for which M. Stanislas Julien proposes Kényédha. 
Voyages des Pélerins Bouddhistes, i. 184, 411, 469. The Kangata of 
the couplet cited in the second note on this inscription may be a length- 
ened form of Kanga. Venka and Venkata, for instance, are one; and 
we have not here to do with pure Sanskrit. 

In the Brihat-sanhité of Varéha Mihira, as cited by Dr. Albrecht 
Weber, a country called Kanka is mentioned. Die Handschriften- 
Verzeichnisse der Kéniglichen Bibliothek, u.s. w.; Berlin, 1853; p. 
240. 
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Professor Wilson remarks that the usual classification connects the 
Vangas and the Kalingas with the Angas. Translation of the Vishnu- 
purdna, p. 188, foot-note. But it may be suspected that, out of compli- 
ance with the usual classification, Kanga, where found in company with 
Vanga and Kalinga, has sometimes been changed, through ignorance, to 
Anga. At the beginning of a line, as in the original of the passage on 
which Professor Wilson annotates, the substitution could be effected 
without prejudice to the metre. 

Vanga is eastern Bengal, by universal acknowledgement. At a later 
date than that of this inscription, Bengal was known as Vankélé. See 
the Raja-tarangini, Book III, s‘l. 480 (in M. Troyer’s edition, i. 114). 

It would, possibly, have been more accurate to write Kalinga than 
Kalingas. But there really seem to have been several peninsular prin- 
cipalities of this name, or rather, perhaps, subdivisions of an extensive 
country styled Kalinga. It comprised “the sea-coast west of the mouths 
of the Ganges, with the upper part of the Coromandel coast.” See, 
further, Professor Wilson’s Sanskrit Dictionary, under the word in 
question. ‘ 

Kira, agreeably to Professor Wilson’s citation of a native vocabulary, 
is Cashmere. Elsewhere it is mentioned in association with Cashmere, 
but as being distinct from it, unless we presume a redundancy. Asiatic 
Researches, viii. 340. Col. Wilford, to whom I here refer, eventually 
came to the conclusion, as appears from a posthumous essay of his, 
that the Kira of the Purdnas was “the country to the west of the 
Indus, as far west as Persia, and, to the north, as far as Candahar.” 
His speculations on the subject are ingenious. Journal of the Asiatic 
Society of Bengal for 1851, p. 262. 

I copy the following from M. Troyer, but without endorsing his in- 
ference: “ Kira signifie ‘perroquet’ et ‘habitant de Kachmir, appa- 
remment a cause de la grande aptitude de parole que possédent les 
Kachmiriens.” Réja-tarangini, iii. 614. 

It has repeatedly been averred that the Huinas were “the white Huns, 
or Indo-Scythians.” See Colonel Wilford, in the Asiatic Researches, 
passim; and the translation of the Vishnu-purdna, p. 177, foot-note. 
Mr. Wathen is disposed to think that the Hunas inhabited Tuluva, 
where there is a place called Hunawar or Anore. See the Journal of 
the Royal Asiatic Society, ii. 882; and iii. 103. But Mr. Wathen’s 
Sanskrit is immetrical and nonsensical. The line where the Hunas 
are named should undoubtedly begin surferceny area. I am not pre- 
pared to deny, positively, that the Indians gave the name of Htna to 
the Huns, if they knew them: but the term certainly denoted some 
tribe of Hindus. In the Raghuvans'a, iv. 68, the Hunas are spoken 
of as if they may have been a people of fair complexion; and the re- 
gion assigned to them is in the north. The commentator Mallindtha, 
annoiating this couplet, says that the Huinas were Kshatriyas. The 
wife of our Karna, a Kshatriya, was a Hiina, as has been seen in the 
preface to this paper: and how could he have wedded a barbarian? As 
for the Sacee, the Sanskrit S’akas, we know that they were Scythians of 
the Persian frontier. It would be very satisfactory to find that the 
northern Hiinas were esteemed to be in any wise related to them. The 
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S’akas and the Hérahtinas are mentioned together in the Mahdbhdrata, 
Sabhd-parvan, s'il, 1843, 1844. In the Harsha-charita, Prabhdkara- 
vardhana is made to send his son Rajyavardhana to the north, against 
the Hiirahtinas. Which is right, Hérahiina, or Hirahiina? 

Professor Wilson says: “if we might trust to verbal resemblances, 
we might suspect that the Hayas and Haihayas of the Hindus had 
some connection with the Hia, Hoiei-ke, Hoiei-hu, and similarly denom- 
inated Hun or Turk tribes, who make a figure in Chinese history.” 
Translation of the Vishnu-purdna, p. 419, foot-note. 


14. The play on fa, ‘current’ or ‘wave,’ and ‘lustre, has been 
imitated. 

In the S'érngadhara-paddhati is the following stanza, by an anony- 
mous author, descriptive of the confusion of toilet wrought by our 
Karna, or some other : 


frre caret aferarngy often 
agen sa yotfahiges ata: fara a 

‘By force of destiny, auspicious Karna, the pearl-necklaces of the 
youthful wives—hiding in the wilds—of thy foes are over their faces; 
their bracelets press against their twin eyes; their hips are tattooed ; 
and frontal marks are on their two hands. Ha! how does an unprece- 
dented style of embellishment now prevail!’ 

15. Vernacularly corrupted, this word would assume the form of 
Champaran. But the only Champéran generally known is much too 
far distant from Chedi for even aforay. The subdivision of the Mundla 
District which now goes by the name of LAnji was formerly called 
Champaévati, as I learn from a MS. Hindi chronicle in my possession. 

16. Literally, ‘the frontlet-gem.’ 

17. More exactly, if necessary, ‘the jewels,’ 


18. I have given the sentence this turn, in order to bring out the 
force of Gz distinctly. 


19. This allusion to a physical phenomenon is worthy of note. 


20. In place of this bathetic comparison I would much have pre- 
ferred ‘ outvying the milky-way,’ but for the consequent pay hae i 
for the prince’s person is unequivocally the object proposed for descrip- 
tion. By the way, Professor Wilson need have entertained no doubt 
as to @f{atet being defined by ‘galaxy’ in the Medint-kos‘a. 


21. So rendered, to vary the phrase, instead of ‘tree of plenty.’ See 
the ninth stanza. 
That this quatrain exhibits eight rhymes is deserving of indication. 


22. Here is the word a1 again, in the original. 


23. So I translate ata, which apparently imports a feudatory. 
VOL. VI. 68 
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24, A vaunt even more hyperbolical than this occurs in an inscrip- 
tion published in one of the early volumes of the Journal of the Asiatic 
Society of Bengal; that for 1838, p. 37. I repeat the first stanza of it; 
for it is verse, the measure being sragdhard. 


TATRA ATARI STYATT 
ATA carer oferqaaTe TATATS: | 

Tha oetarer faftamaae: eT wT 
ara fimgaarnracenmaas serie gay u 

‘The month of Jyeshtha having arrived, in the one hundred and 
forty-first year; the empire of Skanda Gupta—the floor of whose hall 
of audience was swept by breezes from the bowing of the heads of 
hundreds of kings; sprung from the line of the Guptas; of wide-ex- 
tended fame ; opulent beyond all others ; comparable with S/akra; lord 
of hundreds of monarchs—being quiescent,’ etc. 

The reading in modern characters, given by Mr. Prinsep, of the hem- 
istich which contains the date, is neither in his facsimile of the original, 
nor is it grammatical. To bring out his “thirty-three,” he must have 
thought that he found fingzie’, which is inadmissible Sanskrit. Nor 
is there, in the Sanskrit, grra:, the fifth case of a substantive; but 
g-a, the seventh case of a past participle. 

There is, then, nothing here recorded concerning the death of Skanda 
Gupta, as Mr. Prinsep supposes. Being neither the first ruler of the 
Gupta dynasty, nor the last, nor of special note, it would be extraor- 
dinary indeed if time had been computed from his decease. Moreover, 
if he and his kingdom had so long passed away, it seems preposterous 
that they should be mentioned, and in so eulogistic a strain; especially 
as there is not, on this hypothesis, even a subordinate allusion to the 
reigning monarch. Indubitably, Skanda was on the throne when this 
memorial was written. The term gra, which is applied to his govern- 
ment, has, with other meanings, those of ‘serene,’ ‘tranquil,’ ‘ unper- 
turbed,’ ‘flourishing. In bearing these significations, in addition to 
that of ‘discontinued’ or ‘extinguished,’ it may be compared with 
faarar. Whatever be the era here followed, it appears to have been 
too well understood, at the time, to call for explicit specification. 

The numerical correction above noted was made several years ago, 
and was communicated to my friend Mr. Edward Thomas. But it had 
not then occurred to me to attach to sr the import which I would 
now accord it. See the Journal of the Asiatic Society of Bengal for 
1855, p. 385, foot-note. Major Cunningham, while tacitly amending 
one of Mr. Prinsep’s oversights, uncritically accepts another. See his 
Bhilsa Topes, pp. 141 and 144. 

The inscription under comment, if the lithographed copy of it be 
correct, reads qaafd:, in the third line, for sreca:. Mr. Prinsep gives 
the latter, and rightly ; as the former is irreconcilable with the context. 
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25. The original word, ff, before rendered ‘repository,’ is here to 
be resumed, but in an altered acceptation. 


26. gz. ‘abodes’; put, metonymically, for their inmates. The word 
is here used for #=7:qq, ‘the female apartment.’ 


27- qUzH, the term employed, was formerly taken in a sense of 
wider latitude, and in one of narrower. In the middle ages, {Te and 
feraar designated, respectively, realms of greater and of inferior power, 
when they were spoken of with reference to their relative importance. 


28. The original is fa-araftr, ‘the gem of reflection,’ by the aid of 
which all wishes were attainable. We have already had ‘the tree of 
abundance.’ The eq, or ‘all-bestowing milch cow,’ is fabulously 
endowed with the like marvellous quality. 


29. In the Sanskrit, by studied ambiguity, the expression rendered 
as above also implies ‘tall bambu.’ 


30. Professor Wilson inadvertently writes the original word with a 
cerebral in the final syllable. 


31. Mena is Parvati, the daughter of Himalaya. 


32. This prolific dame—for she is celebrated as having been the 
mother of five thousand sons and sixty daughters—is also called Vai- 
rini. See the Hurivans’a, s//. 121,142. Her father was Virana. 


33. S‘iv4 is a name of Parvati. Her husband was S‘iva, or S‘ambhu. 


$4. Possibly the inscriptionist, who is rather addicted to paltry figures 
of rhetoric, intended that his ‘ pinnacle-ball’ should, retrospectively, 
likewise surmount the ‘ mansion of erotic sentiment.’ 


35. A moment’s pause is due to the elaborate amphibology with 
which the latter half of this quatrain is conceived. The vanquisher, 
on another construction than that of the text, is Saumitri, ‘who... . 
hosts, embracing the many-wiled Meghandda and the great Atikaya.’ 
In the third line there is an inaccuracy, however, in the postposition of 
agama to its substantive: for it scarcely agrees with aferaa. 

“Saumitri is Lakshmana, the half brother of Rama. Meghandda and 
Atikaya were sons, elder and younger, of Ravana. 

It is only by astrain that wee can be taken to signify ‘strong-armed.’ 
It is not usual as an adjective; its ordinary acceptation being that of 
‘the palm of the hand with the fingers extended.’ There is little doubt 
that its introduction here was induced by the fact that Prahasta was 
Ravana’s chief counsellor. Yet thus to suggest him in a panegyric on 
Jayasinha looks anything but complimentary. 


36. ‘He who has the moon on his head:’ S/iva. See the note on 
the first stanza. 


37. ‘The lord of physicians:’ S/iva, again. 
38. Perhaps ‘barony:’ qaat; a vocable not yet entered in our dio- 
tionaries. 
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39. Neither has this place, nor have Undi and Jaiili, yet been verified. 


40. S/aiva, or ‘of S/iva,’ who is called Pas’upati; a word variously 
accounted for. 

41. The country of Lata, or Latika, Hellenised into 4agex?, was later 
called Gurjara, or Gurjara; Gujerat. Ptolemy regarded it as part of 
Indo-Scythia. 

42. Thesta of these gay was that of Yaska. See the note on the 
seventh stanza. 

Maunin is still a well-known family name. 

43. Before himself, the author of these verses commemorates their 
copyist, as happening to be his elder brother. A want of fraternal piety 
can rarely be urged against the Hindus. 


44. Professor Wilson defines Fauty by “carpenter.” See the Haima- 
kos’a, section of homonymes, iv. 284; to which the Professor vaguely 
refers. The word is there explained to mean ‘a kind of workman.’ It 
may have the restricted sense of architect, or even of mason. In the 
next couplet we again meet with it. 

45. The general mechanician of the gods; a Vulcan, and much be- 
sides. 

46. This comparison is not at all more felicitious in the Sanskrit 
than it is in the English. Prithu, who was a king, subdued the earth, 
which had assumed the figure of a cow. See the translation of the 
Vishnu-purdna, p. 108. 


47. The Vedanta philosophy is here recognized. 

48. This, and the I’s/wara of the third couplet, are here, no doubt, 
epithets of S/iva. 

49. A synonymous title of the Destroyer, ayraqifg, ‘parent of things 
movable and fixed,’ is mistaken, by Colebrooke, for ara, “holy, 
beneficent.” Miscellaneous Essays, ii. 304, 308, 309. 


50. See, for this and several cognate terms, my note in the Journal 
of the Asiatic Society of Bengal for 1858, p. 227. 


51. Thus far this inscription is metrical. The measure of the first 
and third stanzas is the Vakira; that of the second, the Priyé. 
52. In the original, gotra. 


53. Kes‘ava’s functions not being particularly described, it is uncer- - 
tain whether ndyaka, a word of a dozen meanings, or of more, has any 
reference to revenue. 


54. Or MAlava; the pleonastic ka being adjected. 
Fort-Saugor, January 10th, 1858, 
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ADDITIONS. 


This paper, after being sent to the Asiatic Society of Bengal, and 
partially printed for its Journal, was withdrawn. I had hoped to ob- 
tain, in England, a solution of the chronological difficulty spoken of 
in the introductory remarks: but the hope was disappointed. Since 
reaching America, chiefly by reason of access to books as yet unpub- 
lished at the beginning of 1858, I have been enabled to add the few 
notes following. 


When passing through the station of Jubulpoor, in February of last 
year, I found, in the Museum at that place, a somewhat weather-worn 
inscription, hitherto inedited, of the same class with those which pre- 
cede. Unhappily, I had neither leisure nor health to take a copy of it. 
The date that it bears is 926: dar ufgaeqayaemarsa fa 22k. Its 
poet was S/as‘idhara, son of Dharanidhara; and it makes mention of 
Namadeva, son of Mahidhara, as a stéitradhéra. Three of these names 
we have met with in the record of 907. At the foot of the stone, the 
ensuing benediction, in the A’ryé measure, is legible without difficulty : 


OTe Farag t aT AAS ATT: 
e 4 Ac c 5 
Mad slay ster ct: fea yer 
‘As long as the sun and the moon, going and returning, shall shine 


in the firmament, so long may this eulogy endure, conducing to the re- 
nown of the doer of the transaction herein memorialized.’ 


To note g, p.517. Hema A’charya expressly qualifies Karna as Raja 
of Chedi, and speaks of him as being of Dahala. This, as we know 
from the Haima-kos‘a, is a synonyme of Tripuri. Karna is also men- 
tioned as having been contemporary with Bhoja; and Bhima Deva 
marched against him. This Bhima reigned from A. D. 1022 to A. D. 
1072. Ras-mald, i. 88, 90. 


To note r, p. 520. I now find, on the faith of M. Stanislas Julien’s 
translation, that Hiouen Thsang, agreeably to the Si-yu-ki, travelled about 
a thousand lis N. E., in going from Ujjayini to Tchi-ki-t’o, and thence 
about nine hundred lis N., to Mahes’warapura, M. L. Vivien de Saint- 
Martin, in his “ Mémoire Analytique,” puts N. E. for N., in designating 
the direction of Mo-hi-chi-fa-lo-pou-lo from Tchi-ki-t’o. M. Julien now 
silently surrenders his identification of Mahes’warapura with Mysore, to 
the suggestion of his collaborator, that the locality intended is “ Ma- 
tchéri, ou, selon la forme sanskrite, Matchivara.” But it is scarcely 
probable that Mahes’warapura was transformed into “ Matchivara;” and 
there is no ground for holding that both names were ever applied to 
the same city. See Voyages des Pélerins Bouddhistes, iii, 168, 169, 
336, 408, 457, 458. 

Professor Wilson writes: “A sudden return to the south-east brings 
Hiouen Thsang, after a journey of 2800 li (560 miles) to U-che-yen-na, 
which is clearly Ujjayini or Ougein, the king of which was a Brahman, 
and consequently Buddhism was ata low ebb, He then goes to Chi- 
ki-to, north-east 1000 li, considered to be the modern Khajuri, twenty- 
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five leagues south-west of Gwalior: thence, in the same direction 900 
li, to Mo-hi-chi-fa-lo-pu-lo, which M. de St. Martin identifies with Ma- 
cheri, perhaps Matsyavara, in support of which conjecture it is to be 
remembered that this part of India is known, in Sanskrit geography, as 
the Matsyadesa. Little is said of these two principalities, as they were 
both ruled by Brahman princes, and did not follow the faith of Buddha.” 
Journal of the Royal Asiatic Society, xvii. 133. 

To note 13, p. 527. Hiouen Thsang, now that we have a translation 
of the Si-yu-ki, tells us but little of value, touching Kong-yu-t’o, over 
and above what was reproduced by his biographers. Kong-yu-t’o lay 
near a bay; and it also lay near the sea. Its position is as far from 
being fixed as ever. Voyages des Pélerins Bouddhistes, iii. 91. 

To note 42, p. 532. There are two works, treating of the Vais'e- 
shika philosophy, by writers bearing the name of Maunin. One is the 
Siddhénta-tattwa-sarvaswa, by Gopindtha Maunin; a commentary on 
the Paddrtha-viveka or Siddhdnta-tattwa. It was prepared by com- 
mand of Raja Jayasinha of Baberi. This Gopinatha also composed 
scholia on the Kusumanjali, entitled Kusumdnjali-vikas'a. The other 
work is the S’abdartha-tarkamrita, whose author is Krishna Maunin. 
See my ‘Contribution towards an Index to the Bibliography of the 
Indian Philosophical Systems ;’ Calcutta, 1859; pp. 77 and 79. 


Troy, N. Y., U. 8. A., February 27th, 1860. 


ADDITIONAL Note BY THE COMMITTEE OF PUBLICATION. 


The two monuments illustrated in the foregoing paper—together 
with a third of like character, already made public by the same author 
—have been presented by Mr. Hall to the American Oriental Society, 
and are deposited in its Cabinet, now at New Haven. We have ac- 
cordingly taken occasion, while this article was going through the 
press, to make anew a careful examination of the inscriptions, and a veri- 
fication of the text as published, and would offer here the following 
additional remarks and explanations. 

The larger stone is 334 inches broad, by 224 inches high. It is a 
plain block of greenstone (aphanite, containing a little carbonate of lime), 
of a soft texture, and easily cut. The inscription upon it is of 29 lines 
—the last one of them indented about 4 inches—which cover its whole 
surface, excepting a narrow and unornamented margin. It is engraved 
with great care, and with no little skill and nicety of execution, and 
is in almost perfect preservation, so that its characters are, for the most 
part, as regular, elegant, and legible as the best manuscript. As re- 
marked above by Mr. Hall (note w), no combination of consonants is so 
difficult or intricate as to compel a resort to any device for abbreviating 
it: thus the virdma never appears, save at the end of.a half-verse; the 
anusvdéra, whether in the middle or at the end of a word, is more often 
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turned into a conjunct nasal; and a consonant, or the first consonant 
of a group, is doubled under a ‘—the only exceptions to this latter rule 
being ad, a, a, of, , in all cases of their occurrence; and also, in a sin- 
gle instance, x. As regards the diphthongs e, ai, 0, au, the inscription 
follows, with total indifference, the ordinary devandgart method of writ- 
ing them, or that which is usual in the Bengfli. The sign of omission 
(s) is not employed on the stone, nor are the verses of its text num- 
bered ; but the marks of interpunction—_! after a first half-verse, " after 
a verse—are introduced with entire regularity. At the end of a half- 
verse stands always 7, and not anusvdra: in two cases, however, (10d, 

28 b) the virdma is omitted. Of other omissions, we have, verse 2a, 

Text: for tHzT:—this is at a place where a few syllables (viz., “ser ) 
have been erased and recut. Another like case of correction occurs 
just before in the same line (viz., geycerferst), and a third near the end 
of the 9th line of the inscription, or at the end of 12a, affecting the 
syllables which read, as printed, START. The correctness of this read- 
ing, however, is not entirely certain. The #, indeed, admits of no ques- 
tion ; the 1 is less clear, but yet is altogether probable; for the next 
syllable the stone gives only the double v (@), omitting the superposed 
r (°) which causes the reduplication ; and the following character is en- 
tirely illegible, but cannot possibly, we think, be =: its lower part, 

which alone remains unobliterated, is clearly , (r), and not , (r): above 
it might stand almost any single letter, but not a double one; for that 
there is no room, nor could a & have been cut without leaving distinct 
traces on the unbroken part of the stone. We know not what to con- 
jecture, if not 7: Ze is sometimes found used in the sense of ‘ posses- 
sion’ by a passion: the clause might then mean ‘ Murala ceased to be 
possessed with arrogance.’ In the following pada the stone reads dis- 
tinctly aenq for gat: this is probably Mahidhara’s error ; but, if the 
metre did not forbid, we might regard it as a mis-reading for ana, 
‘trembled’; perhaps this word was in the cutter’s mind. Of the first 
syllable in the same line and pdéda only the upper and part of the right- 
hand lines are left: the consonant must be #; but it might be com- 
bined with r, and with any vowel excepting i—these are the possi- 
bilities of the case; we presume the reading proposed by Mr. Hall to 
be the correct one. At the beginning of verse 6, Mr. Hall’s fac-similes 
failed to give him under the { a ,., which, though not deeply cut, is 
still unmistakably traceable : the true reading, then, is aaT AR, ‘ with 
manifold forms.’ In verse 10, the last syllable of the first half-verse, 
which comes at the end of a line, is much broken: what is left seems 
to us to point out distinctly, as the original reading, aT instead of aT: 
this would change the meaning of the word from active to passive. In 


verse 17 b, finally, the stone has afig_(afag?) for afte, 











536 F. E. Hall, 


The stone on which the second inscription is cut is of like character 
with the other, but has a more amygdaloidal structure, being full of 
little cavities, which hold carbonate of lime. It is 12 inches broad and 
74 inches high, and contains eight lines. The characters are coarsely, 
irregularly, and inelegantly cut. It exhibits several orthographical er- 
rors, which are corrected in the text as printed: thus the proper name 
Kegava is both times written with the dental instead of the palatal sib- 
ilant, and a like substitution is made in 2b and 3d, in the name of 
Tovara and its adjective ; at the end of 2b we have °Zat, although the 
sign of interpunction is not omitted after it; and in 2¢ the reading of 
the stone is eqTz (with the virdma; not conjoined with the following #). 
A long passage in the fourth line (from at to at) has been erased and 
recut, and parts of it are obscure. Above the syllable at of aTat (3 a) 
is a vowel-stroke, and under the @ is either a~, or the remains of one, 
not quite erased; so that either the former or the present reading is 
meant to be aTqt. The syllable next following, though clearly and 
deeply cut, is of a somewhat nondescript character, but we do not see 
how it can be meant for anything but the 4 by which it has been ren- 
dered. The last line, following the date, is apparently an afterthought, 
and appended to the inscription as at first engraved. It is crowded in 
at the lower edge of the stone, and, from a@@ inclusive, runs up its right 
margin, in the manner which, in printing it, we have imitated. 

The third monument, referred to above, is a stone measuring 134 
inches in height by 13 inches in breadth, besides a raised and rounded 
margin. It is thick and heavy, and shaped upon the back into some 
form of which the intent is not now recognizable. Its material is 
greenstone, like that of the others, but much harder and tougher in 
quality. The text of its inscription, with a translation and notes, was 
published by Mr. Hall in the Journal of the Asiatic Society of Bengal, 
Vol. xxviii, for 1859. As appendix to that article, he desires to insert 
here the following additional note upon the inscription. 





Among the three lapidary monuments given by me to the American 
Oriental Society, there is one of which I have already published the 
inscription, with an interpretation. My translation was made from a 
fac-simile tracing; the original never having, at that time, been before 
me. Now that I have seen the stone itself, it turns out, not unex- 
pectedly, that my first conclusions admit of being rectified. The par- 
ticulars are as follows : 

In the first stanza I find, not what I took to be intended for qreat 
fay ‘is supplicated persistently,’ but, distinctly enough, wae sary, 
‘is lauded continually.’ : 

The aar7it of the second stanza is a misprint for oherrit. 
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For my former decipherment of the third stanza I substitute, with 
confidence : 

SANT: HATTA ATT TA PTAA: 
fafentireat aq: ot at sree: 0 

‘May Brahma, Vishnu, and S’iva—in color resembling, severally, 
the water-lily, the black bee, and kds/a grass; having, respectively, for 
weapons, menacing utterances, a discus, and the pindka ; moving, in 
order as enumerated, with birds, a bird, and a bull; and whose abode is 
on the ja4mbu-bearing mountain—bestow upon you prosperity.’ 

After incising atq—which makes sense, but militates against 
the metre—the engraver half deleted the first rar, It could scarcely 
have been part of his original. 

Limbary4,* not Lisway4, is the name of the lady spoken of in the 
prose. 

fara, for faa, in the fourth stanza, is an error of the press. 

In the sixth stanza there is 4a where 1 have put ga, 8a I am com- 
pelled to reject. The person here commemorated is Dosin, not Dhosin. 

aaT, in the eighth stanza, is my own, I find; and yet right, I suspect, 
as against the word exhibited, aat. It will be seen that, to avoid some- 
thing worse than a vain repetition, my conjecture was not ill advised. 

The last verse of the inscription has aya. By deducting a stroke, 
so as to bring out aura, the text is healed; but only provided that 
oory is permissible in lieu of ayeat; and this is exceedingly doubtful. 
To repeat what I have remarked elsewhere, the Sanskrit of this inscrip- 
tion is of very questionable purity. » wu 


Troy, N. Y., April 3rd, 1860. 





* Or Litsw4ry4, as it dlso admits of being read; the characters of this inscrip- 
tion are cut in such fashion that, where no aid is to be derived from the sense, 
some readings must remain uncertain.—Comm, or Post. 
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THE copper plate which contains the original of the first 
among the ensuing inscriptions exists, I believe, at Benares. 
My transcript was made several years ago; and any indications 
which I may have noted down at that time are not at present 
forthcoming. On the age of the grant I am, therefore, by 8 
pared to pronounce with assurance. 

A negative fac-simile of the second inscription has been litho- 
graphed in the Journal of the Archeological Society of Delhi, 
for January, 1853. A coarse essay towards an English version 
of it will also be seen there, together with some speculations 
which I decline to criticize. 

With reference to the remaining inscription, my translation 
- of it is not the first that has been published. For my copy of 

the Sanskrit, which has not before be een in print, I am indebted 
to the late Major Kittoe. This transcript may have been sophis- 
ticated by pandits. A like suspicion, however, attaches to that 
used by Be weer 


Inscription No. I. 


eared 


FLETAM AINA TAT SAT 
TIAA AS SMARAAAHALACE @ AACA 


* See his Miscellaneous Essays, ii. 295, 296. My copy has, in the first measure 
of the second stanza, and again in the prose, the word dei, which is not pure Sans- 
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FT TATA Sa MTSe TATA S— 
THAT MT TATRAT: TEAR: FA- 
AAT TARTAR A ATT Ca Tet 
Arias AAR eT aT 
MAMA THA areal =| ATAUTT TTT 
Te Aaa aTteaie 

att eq fatgeraran terran sent: ste- 
RATA Sena cea 
FT UATATST GUT TT aa eee 
PATA UT ATT AH PTS TT AAT ee 
RIAA TS GUAT LS TT A TA 
RETA TTT AR ARS TRACT: 
Tae || TR eyaerenaeTt 
safe aare | aaa Petiererrarereaat 
BAST AAA aeT: | 
SIC IO MOINS ll UID U MEL Glo 
arra tea: Tee: wa TAT THT 
Aa Tar Tier 


krit, and is evidently a proper name. It is precisely in such a case as this that a 
pandit would tamper with an original text, by substituting something more classical 
than what he found. Colebrooke puts “thievish” as the correlate of whatever his 
apograph exhibited; and that, it is natural to conjecture, may have been dasyu. 














) 
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Hard 89 Baa 21 AeA HoT Ferhat 
eae geAg A | 

eae TAT AT AT AT AINA 

a farevat afer fra ae Tear yn 
Sea AAT Ta ATTRA: 

Ter WT al Ale Ae eT HTT 
afte avaeaitr wat ata a 
ASM MPA Fag AR AAT uz 

TRANSLATION, 


Well be it! 


Fortunate is the auspicious Bala Varma Deva; sovereign; 
wholly devoted to the Brahmans ;* thoroughly possessed of the 
five great titles} and great realms; son and successor of the aus- 





* Parama-brahmanya.—Hemachandra, in his explanation of his own vocabulary, 
i. 42, defines the drahman and others, ia the hagiology of his communion, to be 


‘ministers of the Arhats and of Ri-habha, etc.,’: BSATTTATS ATT: l 

The promulgator of this instrument was a Jaina. t . 

+ Colebrooke (Miscell. Essays, ii. 303) remarks on a passage where this expression 
occurs, that he is “not entirely confident of the ineaning” of it. He was then writ- 
ing in England ; and yet at but little disadvantage, so far as the assistance of learned 
Brahmans was concerned. 

My own pandits have furnished me with their guesses, which I repeat. Some of 
these men suppose that the common fivefold repetition of the word s’ré, a sort of 
heathenish pentagion, is here intended. This exposition has the concurrence of Prof. 
Wilson. See As. Res., xv. 508, sixth foot-note. Others think that allusion must be 
had to the five kalydna-sabda, ‘ utterances of good omen,’ enumerated in Baudhéya- 
na’s Kalpa-sitra, for instance, These are nunydha, swasti, riddhi, srt, and kalydna. 
Others, again, fix their conjecture on the five epithets mahd-yas’aswin, mahd pratd- 
pin, mahd-dinin, mahd-daydlu, and mahd prabhu ; or ‘most renowned, most glori- 
ous, most liberal, most clement, and most powerful.’ But no authority has been 
brought forward in support of any of these elucidations. 

Pending the production of something positive, 1 am disposed ‘to believe that the 
riddle may be solved by reference to an extract which I made, on a former occasion, 
ia the Journal of the Asiatic Society of Bengal for 1858, p. 227, foot-note. If Réjé 
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picious Pandu Varma Deva: who obtained the five great titles 
and great realms from the soles of the feet* of the great Arhat,+ 
the adorable; whose two blessed feett are irradiated by the 
lustre from the gems in the diadems on the heads of benevolent 
and malignant genii; the wonderful; chief of the multitudes; 
bestower of numerous boons; lord of the gods; and master. 

To the present and future royal families, with their hundreds 
of troops, in the village of Bhujangika,§ near the river Ves‘a; 
and to the inhabitants of that village, most eminent Brahmans; 
he duly pays respect and gives notice, as follows: 

Be it known to you, that this village aforesaid, at the prayer 
of the head of his guild, Dharmaka, and of the leading traders 
collectively ; for enhancement of our mother’s, our father’s, and 
our own merit; has been decreed, by us, as an endowment, for 
such time as the moon, the sun, and the earth shall endure; to 
be dispensed from religious taxes and from unpaid labor; exempt 
from the ingress of fortune-tellers|| and soldiers ;4{ and protected 
from the exactions of any other king; to these associate students 
in theology: Bhoga Swamin, of the stock** of Gautama, and of 
the Madhyandina ;++ Nara Swamin, of the stock of Upamanyu, 





be there rejected, as having been vulgarized b: nee of use, five titles still 
remain; those of Samrdl, Bhoja, Swardl, Vira), and Parameshthin. The mahd- 
sdmanta ‘great dominions, named, in the text, after the ‘great titles,’ and which 
should seem to be as many in number, may be sdémrdjya, bhawjya, swérdjya, vairdjya, 
and pdrameshthya. 

Or are the ‘ five titles’ those of parama-bhattdraka, mahd-rdja, adhi-rdja, para- 
mes'wara, and parama-mdhes'wara? See the Journal of the Asiatic Society of Ben- 
gal for 1858, p. 226, foot-note. 

These designations, after all, may be as idle as the sonorous nomenclature of the 
Byzantine princes of the blood: Despot, Sebastocrator, Cesar, Panbypersebastos, 
and Protosebastos. See Gibbon, chap. liii, 

It should excite no surprise to find the Jainas borrowing almost anything from 
the Hindus. 

* Pddamila. Prof. Wilson, professedly taking Hemachandra for his guide, ren- 
ders this word by “heel.” Hemachandra simply gives gohira as its synonyme ; and 
this he derives from guhyate, ‘is concealed.’ Several words for ‘foot’ precede, in 
this author, pddamila and gohira ; and others for ‘heel’ follow them. But Ranti- 
deva, as quoted in Vedanti Mahddeva’s Budha-manohara, interprets pddamila by 
parshnt, ‘heel’ The translation in the text may, accordingly, be liable to correction. 

+ This name may denote either a Buddha or a Jina. The latter is here meant. 

¢ Literally, ‘lotos-feet.’ 

§ This place has not been recognized; nor has the river Ves‘a; nor Chitra, 
further on. 

| Chdta; which Colebrooke translates as above, in his Digest of Hindu Law, 
etc., i, 311 (8vo edition). 

“The billeting of troops appears, from this phrase, to have been known among 
the Hindus, in former ages. 

I think I can, at this place, detect several words of my original, and in the same 
order, in another inscription. See As. Res., xv. 510, fifth foot-note; and the first 
transcript at the end of the volume, twelfth and thirteenth lines ab infra. 

** In the Sanskrit, here and several times below, gotra, 

t+ This is a branch of the White Yajur-veda. 
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and of the Kauthuma-chhandoga ;* Vilasa Swamin, of the stock 
of S‘andila, and of the Kauthuma-chhandoga ; Bhima Swamin, of 
the stock of Vasishtha, and of the Kauthuma-chhandoga; and 
Rudra Swamin, of the stock of Gautama, and of the Kauthuma- 
chhandoga. 

Thus aware, you successive residents, dwelling in the vicinity 
of the town of Chitra, under authority from our regal house, 
humbly giving attention to our mandate, are, moreover, fitly to 
pay to these very Brahmans, in such proportion as is equitable, 
all share of produce, tribute, money-rent, and similar zmposttions. 

Done in the year sixty-one,t on the second day of the moon’s 
increase in Chaitra; the deputyt in this transaction being Kal- 
hana; and these articles being drawn up by A‘dityadatta, fecial.§ 

1. He that wrongfully resumes land, given by himself, or giv- 
en by another, turned to a worm in ordure, with his forefathers, 
thus receives retribution. 

2. By many kings, Sagara and others, the earth has been en- 
joyed. His, ever, whose is the soil, is zts produce. 

3. Sixty thousand years does the giver of land rejoice in 
heaven: and even as many does he that confiscates land, or 
abets its confiscation, abide in a place of torment.|| 


Prosperity ! 
Inscription No. II. 

AT At AAU) HAT Yoo aTirRale 
TTA TG vale AAT TRE TEA 
FA: TAU TATTARAUTaeT Sarah 
q PTRRTE:  PATTTAPSSTATTTATT 
qatar aera ater Tanseagaett at wea 
Ta Ea AM Ta canis: Farry 


* The Chhandoga is the Sdma- Veda; and the Kauthumt is one of its divisions. 

+ Samvat, as was long ago established, is frequently otherwise employed than to 
express the era of Vikramdditya. See Colebrooke’s Miscell. Essays, ii. 281; and 
Prinsep’s Useful Tables, Part the Second, p. 87. 

+ Envoy, commissioner: détaka, See the Journal of the Asiatic Society of Ben- 
gal for 1837, p. 669, last line; and for 1839, p. 299, 1. 9. 

§ Sdndhi-vigrahika, in the original. ‘ 

| The metre of the three stanzas with which this grant terminates is the pathyd- 
vakira. 
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Ta ARTA IR TATA: AAT 
TAA Sa ARAN UTS ASE ISAT 
WMI ase: | APT STATA 
TTC RATTAUST TENT ATT - 
MAS CAMA MAAT AT TL RAL TATTAT- 
TARAS: TAT - 
ATCA TATA RTA: TAAETR- 
TETMAAT ATTA ASAT ase SAR 
GIA ATAU Terror eT 
TUT TA AA AAT TATA 

fatal Aaa Tar: oferat aarst 
TA: TARA T AAT ATTA: AAT TTT: 
ATTA PAU aa APRATATAT- 
aeiateareraat | ATU TRMTTA aa ater: 
AAS qa STATA TAT 
TPT RLUMAAT: AKUAaYS: TEA 
Te sete ATT PATCTTT TIGA tT HET TTAT- 
WaMage ve: Aeltel: AMATT ATA STA 
Pata a2 ayaa Iq. RATT 
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qe SET Aah Tey RAT 
TY ATAU ITY ATU 1 _Y ATL AIST TATA 
He Wey RMIT AAA AT on RIAA 
FE 0 HOUTA Cesta Ie 9 ATLA 
G atrater 99 Aisi ATO ae y ATTEDTT- 
WT OAT F2  OUNAMTAA AT TEV ATTA 
MAM At Wey BASTAT AAT aq 
TTA SAT IG y Hae TT Aaa TAT 
TTT | 

MTT TATA AT AAT SATE ET: AUT 
ate: Taras TAT t 

THAT HART TART ATTA 

MeL Te eT TET TET eT HTT 


Pf 


TATA TATA Ter 
Vetta TIA TerLuen 
waHe Al TA Aaa Wee 
MAT AOA AA ATA aT AT 
art a OieRpetit Tey ATT oaReier 
ST Tt quent Fad aaa usu 
AT MTA aT Aereter a 
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TM ASPTA FT ATaT AR Astey wu 
mrt T Asa APA Ah 
Tat WASA aT A ATT EN 
rea Tata aavat ia at var 
Tess Ta Ae oer won 
feraaiag arm ATRIA Tze 
TATRA AE TAAL AT Ay 
Mee 


ARTA ATA eed PANT: CALET: | 


TRANSLATION. 


Om! Glory to Narayana! 

In the year 1177, on this current day, Sunday, at the moon’s 
conjunction* in the dark rag. of Kéarttika, here, in the great 
fortress of fortunate Nalapura, the auspicious Virasinba Deva; an 
earnest worshipper of Vishnu; a zealous votary of Brahmans; 
compasionate to the indigent, the helpless, and the miserable; 
whose figure is graced with an assemblage of numerous merits; 
diligent in deferential attachment to the lotos-feet of his father 
and mother; veracious as Yudhishthira; for heroism, the most 
surprising, equal to Bhimasena; like Arjuna, eminent among 
archers; a parallel to Karna, in having acquired fame by his mu- 
nificence ;+ like Duryodhana, very superb; like the lord of beasts, 
unrivalled in prowess; who has illustrated the entire orb of the 
earth by the radiance of his renown, in resisting the encounter 
of legions of elephant-like enemies, hard to be repulsed when they 
have taken the field of battle; a sun to the lilies in the lake of 
the happy Kachchhapa-ghata lineage; supreme sovereign, great 
king, chief ruler, and lord paramount; whose person is a ruby de- 
rived from that mine of gems, the womb of the noble queen, the 





* The original has, erroneously, AqTaTeaT. 


+ On the plate is eqTatPsttista®. A repetition, detected when inchoate, was 
left unerased. 
VOL, VI. 70 
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auspicious Lakshmi* Devi; son and successor of the fortunate 
S‘aradasinha Deva, very potent,+ supreme sovereign, great king, 
chief ruler, and lord paramount, son and successor of the fortu- 
nate Gaganasinha Deva, great king, chief ruler, and lord para- 
mount; victorious; with due esteem acquaints and enjoins, as 
follows, Brahmans most excellent, and persons of influence, roy- 
ale‘s, heads of ascetic communities,t and all jis most sunplataile 
subjects, dwelling in the within-mentioned village. 

Be it known to you, that the village herein specified, notorious 
under the name of Babada—as far as all its zone-like limits; 
with its forests, lines of trees, and habitations; with its groves of 
mangoes and madhikas ; with all its grass, wood, and wilds; in- 
cluding whatever is produced from the heavens to the regions 
beneath the earth; free from rigorous penalties, wrong-doing, 
and the ten offenses; a place where the ingress of robbers is 
prohibited; provided with the eighteen classes; exempt from the 
payment of share of produce, tax, money-rent, and the like exac- 
tions ; its four boundaries being ascertained; from pure motives; 
on a lucky day; we standing in water mentally meditated as sym- 
bolizing the Ganges and other great rivers; after the touching of 
gold, sacrificial grass, and water; for augmentation of the merit 
and celebrity,§ in this world and in the next, of our parents and 
of ourself—has, by us, been allotted, in prescribed form, to Go- 
vinda, a householder, of the stock of Kas'yapa, two shares ;|| to 
his brother, Padmanabha, one share; to Kes’ava, one shay; to 
Chaturvedi Rama, of the stock of Upamanyu, one share; to 
Kes’ava, one share; to Narasinha, one share; to Lakshmana, 
one share; to Sath,4 of the stock of Bharadwaja, one share; to 
Damodara, of the stock of Kas’yapa, half a share; to Kes’‘ava, 
half a share; to Panchhihila, of the stock of Krishnatreya, one 
share; to the pandit Gopati, of the stock of Kas'yapa, one share; 
to Mahasona, of the stock of Atri, one share; to S‘fl, of the 
stock of Bhrigu, one share; to Nand, of the stock of Krishna- 
treva, one share; to Mali, of the stock of Bharadwaja, one share; 
to Chamara, of the stock of Kapishthala, one share; and to 





* Here I give the old form for the modern of the original, Lakhamé, as is the 


pronunciation. 
The scholar will observe other like substitutions a little further down. 


+ I have struck out a superfluous visarga postfixed to the Sanskrit of this ex- 
pression. 

t The designation of these monastic superiors is mahanta, which is impure Sans- 
krit. Sounded as mahant, it is still in common use, 

§ zutt has been corrected from aor, 

| The word pada is employed, throughout this instrument, in an acceptation 
somewhat unusual. ° 

@ This name, and several others to come, not being Sanskrit, have rather per- 
plexed the inscriptionist, as subjects of inflectional manipulation. 
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Thai, of the stock of Gautama, one share. And the appropria- 
tion of this village you are to respect and maintain. 

You must have heard the sentences, delivered by Vyasa and 
others, encomiastic of the presenting of land; as for instance: 

1. By many kings, such as Sagara and others, the earth has 
been enjoyed. His, ever, whose is the soil, is és produce. 

2. The result, generally, of all gifts whatever atfects bud a sin- 
gle life; dut the recompense of bestowing gold, land, cows, and 
slaves, attaches to seven courses of existence. 

8. Let one confer land that has been tilled by the plough, or 
sown, or that bears a crop: while the worlds, upheld ty the ser- 
pent, subsist, does such a one receive honor in elysium. 

4. He that receives land, and he that bestows land, both, as 
performing acts of merit, assuredly go to the regions of bliss. 

5. A hundred thousand years does the donor of land abide in 
paradise ; and for even as many is the disseizor, or the furtherer 
of disseizin, consigned to a place of torment. 

6. Not by a thousand sacrifices, nor by a hundred hippocausts, 
nor by the gift of a hundred thousand kine, does the usurper of 
land make effectual expiation. 

7. Whatever offspring of a stranger may be monarch, when 
my race shall have become extinct, I clasp his feet; swing that 
he will regard my donation. 

This grant of the village was engrossed by the pandit Salak- 
shana, son of the Thakur Arjuna. As for there being in it a 
letter too few, or a letter too many, it is, still, complete authority. 

The autograph of the auspicious Virasinha, great king and 
chief ruler, the victorious, 7s subscribed.* 


Inscription No. III. 
ATRATAAATH UTE: PAZ 
ae Cat agit aa 
fan: Aquat SAAT TTL 
SRA MM AaAeS— 
EMT HATA ATTRA ET t 


A An arrow, pointing to the left, is traced at the end of the writing, on the 
tablet. 

















ee ~ 
TIE BET STE TE SORE Ye Saas 
~s+ ; - agen Say 
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asa Oettictas: attat reer: 
eran ade AT ATT en 
HAT wel aware 2 TT TGA 
TARA AAT MATA Fa- 
Taga aah HA Agee AUS HTT: 


~ e ° 


qa ARITA: HATHA SAAT 
TT Oettieret ArT aaa TET Tt Pea 
ors ert corset: Tet Ta Fahy. 
Thigh Teter farerat Ate 


q 
TRANSLATION. 


Well be it!* Pratapa Dhavala Deva, everywhere+ possessor 
of eminent and extensive renown, addresses his kindred in these 
words: As for that paltry copper{ grant which certain Brahmans 
—sprung from men of goodly staves and ploughs§—living in 





* Hindu inscriptions very commonly have an auspicious vocable, as siddham, 
siddhi, or swasti, prefixed to them. In the present instance, the word is swasti, and 
is part of a verse. Still I conceive that it must be taken as an interjection. Cole- 
brooke connects it with the contiguous wdgata ; rendering the combination by “ may 
pily risen :” a form of expression of which I have never seen a precedent or paralle 
unless it qualifies the s’ré which is often written after it. 

+ Colebrooke represents samantdd by “wholly,” a meaning of which it is suscep- 
tible ; but he joins it, unnaturally, with the next word, deva, This term denotes king- 
ly rank. It is never employed in the construction which Colebrooke here assumes. 

¢ My copy has kutdémra twice, where Colebrooke’s had kutdmbra. I fear that 
Major Kittoe’s pandit has here been officious. 

In my copy, sudandahala ; in place of which the prose has sudandahaltya. 
Colebrooke gives suvalluhala and swalluhantya, respectively. In my transcript I 
here again suspect adulteration at the hands of Major Kittoe’s pandit. The original 
should seem to have been wrested, so as to yield a sense in keeping with the rest 
of the document; as if Pratapa Dhavala taunted the Brahmans in question, by 
hinting that they were mere rustics and husbandmen, and lacked the appropriate 
literature of their tribe. 
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these villages adjoining Kalahandi,* have fraudulently, by brib- 
ery, obtained from the hand of Det, a slave of the sovereign of 
Gadhinagara;+ foundation of credit in it is not in any wise ¢ to 
be admitted; as they have not even so much ground as could be 
pierced with the point of a needle.§ 

In Samvat 1225, || on Wednesday, the third day of the dark 
semi-lunation of Jyesthha, the feet of the great chieftain,** 
the fortunate Pratapa Dhavala Deva, governor of Japila,t+ an- 
nounce the truth, as joilows, to his sons, grandsons, and others, 
born of his stock: With respect to this vile copper grant of the 
villages of Kalahandi and Badapila,t} surreptitiously procured, 
on giving a bribe, by sundry folk of goodly staves and. ploughs, 
from Deu, a slave of the lord of Kanyakubja, the fortunate king 
Vijayachandra ;§§ dependence is not to be placed on it. These 
Brahmans are altogether reprobates. They have not even soil 
which the point of a needle could penetrate. 

Mindful of this proclamation, you will collect and levy'|||| the 
proprietor’s{ J share of produce and the like.*** 


The son of the great king.tt+t 
Saugor, February, 1858. 





* As remarked by Colebrooke, the short vowel at the end of this name is ex- 
changed for a long one, where the word is repeated further on. 

+ Gadhinagara is called, below, Kanyakubja; or Kanoj. 

t .- the Sanskrit, parito; which Colebrooke strangely translates “ by the people 
around.” 

§ Thus far the inscription is in verse; the metre, vasantatilakd. An intelligible 
English translation of these two stanzas renders it impossible to mark the beginning 
of the second, without taking in much of the first. The prose which follows is a 
paraphrase of what has preceded. 

| Colebrooke has 1229. The Samvat year 1225 corresponds to A. D. 1168. 

{| This singular expression only shows the dignity of the person concerned. A 
Hindu disciple refers, in the same phraseology, to the enunciations of his preceptor 
or of his ancestors. 

** In the Sanskrit, ndyaka. 

++ Colebrooke has Japila, which, he says, is a portion of the district of “Réma- 
ghar”—recte, Ramagadha or Ramgarh. This district lies in South Bibér. 

tt “Badayit4,” according to Colebrooke. 

§§ Vijayachandra was the penultimate king of Kanoj. See the Journal of the 
Asiatic Society of Bengal for 1858, p. 218. 

|| “ You will take ....; or destroy,” says Colebrooke. But vilapsyatha scarcely 
imports destrction; and the cha seems to be cumulative rather than alternative. 

{| Colebrooke does not translate swdmi. 

**#* In the Sanskrit, bhoga. “Share of produce” is Colebrooke’s, Its correctness 
may admit of question. 

ttt Instead of this, Colebrooke has: “Signature of the great Rajaputra (king’s 


son) the fortunate S‘atrughna.” My copy of the original must, consequently, be 
defective by several words, hye ~ ei 
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ARTICLE VI. 


A GREEK INSCRIPTION FROM DAPHNE, 


NEAR ANTIOCH, IN SYRIA. 


By JAMES HADLEY, 
PROFESSOR OF GREEK IN YALE COLLEGE. 





Presented to the Society May 10, 1859. 





For our copies of this remarkable inscription, we are indebted 
to the Rev. Homer B. Morgan, a missionary of the American 
Board in Syria. The following extracts from a letter addressed 
by that gentleman to a friend in this country contain an account 
of the stone which bears the inscription, and of the circumstances 
under which he made his first copy. He writes from “ Bitias 
(Antioch), July 23rd, 1858.” 

“Enclosed I send you a copy of an inscription which I have 
found in a garden on the ancient site of Daphne. I have reason 
to believe that it has not been copied before. It is only a few 
years since it was dug up, and although I have been at the spot 
many times, I have never heard from the Fellahs, that any Eu- 
ropeans but myself, and those whom I have taken there, have 
seen it. Indeed, the whole inscription cannot have been copied; 
for one half of the stone was covered with a calcareous incrusta- 
tion which I was obliged to chip off. The stone is a very com- 
pact limestone. The portion of it which is covered by the in- 
scription is 17 X 80 inches, and there are about six inches of plain 
surface below the last line of letters. The end below is rough 
and narrowed, as if to fit into a mortice, to hold it in an upright 

osition. Neither the edges nor the back of the stone are pol- 
ished. It is eight or ten inches thick. I have been for nearly 
a year trying to get it into my possession, so as to remove it to 
Antioch; but the owner of the garden at last got such high no- 
tions of its value, that I made up my mind to obtain the best 
copy I could on the spot. I went out two successive days, taking 
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a young man with me to assist in cleaning the stone. Many of 
the letters were exceedingly indistinct, and some of them I could 
not make out at all. Indeed, I should not have been able 
to copy nearly so much as I did, if I had not adopted a plan 
suggested by the young man with me. He first blackened the 
whole surface with ink, and then, after it had well dried, sponged 
the surface, which left the letters considerably plainer than 
before. * * * Should the inscription prove to be of value, 
and there be any necessity for it, I would take the time to ex- 
examine the stone with more care. I send also a fac-simile of 
the first part of the 23d and 25th lines, to show you the size and 
style of the letters. 

I have said that the stone was dug up in a garden at Daphne. 
The immediate vicinity gives every evidence of having been the 
site of important buildings in ancient times. The whole surface 
of the ground is covered with fragments of pottery, and bits of 
wrought marble, There are two other stones near by with frag- 
mentary inscriptions, one of which begins with HBOYAH in 
large, handsome letters. It consists of a half dozen lines of ten 
or twelve letters each, which evidently ran off upon another 
stone placed by the side of this, which stone is not above the 
surface of the ground, if it still exists. There are also several 
fragments of granite pillars. One of these, two years ago, was 
lying by the side of the road, and upon the edge of a bit of. 
rather tome th tesselated pavement. The part that was then 
visible has now been destroyed, probably by some treasure-hunt- 
ing Fellah. There are also in this same garden a large number 
of blocks of stone, which evidently once formed a water-course. 
They are about two feet in diameter, and twenty inches or two 
feet in length, with a perforation about six inches in diameter. 
Each block is made with a circular projection corresponding to 
an indentation in its next neighbor, after the fashion of water- 
pipes. They have evidently been cemented to each other, though 

can see no calcareous deposit showing that a were used any 
length of time, which would certainly be found if the Daphne- 
water had flowed through them. The external surface of all 
was finished with evident care. Some of them are fluted longi- 
tudinally, as if they had served for columns. So much about 
antiquities for the present. There is a great field here for minute 
investigation; but f have little time to give to such employments.” 


The gentleman addressed in this letter sent it with the enclosed 
copy of inscription to Professor Gibbs, who at once recognized 
the interesting nature of the Greek text, and wrote to Mr. Mor- 
gan, begging him to give the stone a new and more complete 
examination. In return he received two copies further, evi- 
dently made with great care, one of them dated Oct. 19th, 1859, 
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the other Nov. 28rd, 1859. The latter of these copies is repre- 
sented in the following lines, though in some instances we have 
supplied its imperfections by letters (which we enclose in brackets) 
taken from the copy of Oct. 19th : 


10 


15 


20 


25 


30 


385 


4 NNT rN 
THEEIZSHMAZKAI—~A IZ A 
AAZKAIMETAAAZANOJE E[I|Z [E10] MENON 
EKTEN2IKALIJOYTETHEY [K]HZO [ETQN]YIAE 
XONTQNIEDEIZMENO [EI]|Z TAHMINE YMVEPONTA 
4IEZATHOXOTAAEKA E[I']XEIPIZ@QENTAAYTO 
NZHNIIP OZHK ONKAIKATAT|A]AOIIIAAT OMENON 
ZINUTAN[M|POYHHPIMENQNE AYTOYEIZTAN 
I'MATAHBOYAOMEOAM[EN]E[T]E 2 YNEXEINE Y{[M] 
NPAZSONTAHMINIIOAAA [IA] AYTOYIPO*EPO 
MENOYTHNIEPITOZLLM[A]Z [IT |ENHMENHNAZ OE 
WEIANAIATAZS YNEXEIZKAKOTAOIAZ AZIOYI 
TOX TEHMAZEAZAIAYTONE|[@]HE XIASTENE 
OAIOF 2S TONEMIA OI ONXPONONTOYBOYAT 
SIAZTNEENEYETAOELA TOYENMATOXT{[E] 
HTAIZ YMNEPIHN[EX|OHMENOEAO[N]TEZKAIE 
OYTOIZ ®ANEPANII OIEINHNENOMENIIPO 
TONAIPES NINAMENOYNKAEIZTOAO 
ONTYXANHIIANTIQNTQNEIS TIMHNK 
OZ ANANHKONT2NHMINESTAEIIMEA 
INEI4HTHE APXIEPQZEYNHETOYANMOAANNO 
AITHSAPTEMI4OZTINAAITTLNKAITL 
AAARNIEP2RNQNTATEMENHESTINEI 
4ADNHSIPOL4EOMENHZANAPOSPIAOY 
WHE OMENOY4ENPOSTHNA AZ 2EUTHE 
NEPTOYTOMOYENOYAHEH{NJEZXONO T 
TONOIKAIHMEIZKAITH E HM2QNIIPOZTOOEION 
EYSEBEIAZAMNO4E E[I|XAM NAYTONAPX 
EPEATOYT2QNNEL = NOITHNIEPITAIEP 
EZAT2UHNMAAIZTANAIATOYTOYS YN 
TEAES OHZTEZOAIAEONTLEZYNTAZON 
ENTETOIZXPHMATIZMOIZKATAXQPIZEIN 
AYTONAPXIEPEAT2NAESHARMENDNIEPLN 
KAINP OTIMANTONAN4PAAZINE THEHME 
TEPAZSKPIZENZKAIEANEIZTINAIIAPAKAA 
T2NANHPONT2LNEIZ TAYTAZYNEMIAAM 
BANE OA[I| TOYS TEMPOS TOIZIEPOIZTINOM 
NOYSKAITOYZAAAOYS OYEKAOHKEIIII 
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OAPXEINAYTOYZYE THEAINA[PAJTE[IA]A 

40 TAZYIIAKOYEIN EPINNANT]PA[®|IIHSINTA 
SHIANAIPADHNA[I|4EKAITHSEIMIZ TOAHE 
TOANTITPA®ONEIZS THAAZKAIANAOEIN 
ENTOIZEII®ANESTATOIZTOIOIZ 


4KP AIOY I4 


In the copy of Oct. 19th, the first two lines are given as follows: 


4 \A-I IEN AliIn 
THSEISHMASKAITA PAF A JIA®ET \ SION 


Daphne, the place of this inscription, was celebrated in antiquity 
for its magnificent worship of Apollo and Artemis, which was 
established here by the first Seleucus of Syria, and continued for 
more than six centuries, until the temple was destroyed by fire in 
the reign of Julian the Apostate. An elaborate si glowing de- 
scription of the place and its worship may be found in Gibbon’s 
Decline and Fall, chapter xxiii. A more recent account has been 
given by the distinguished K. O. Miiller, in his dissertations 
De Antiquitatibus Antiochenis (Gottingae, 1829), p.41 ete. The 
inscription before us relates, as we might have expected, to the 
worship of these divinities. It is a document which recites the 
appointment of a certain person as high-priest of Apollo and 
Artemis. The letters at the foot ope to give its date, as the 
14th day of Dius (the first month of the Macedonian year, which 
seems to have commenced in October), in the year 124 of some 
era—most probably, that of the Seleucid. Ifso, the document 
belongs to the autumn of 189 B.C., when the Syrian king, An- 
tiochus the Great, had come to the thirty-fifth year of his reign, 
one year after his decisive overthrow by the Romans at Magnesia, 
and two years before his violent death. The authority, individ- 
ual or corporate, by which it was issued, the officer to whom it 
was addressed, and the person whose appointment to the high- 
priesthood it sets forth, must have been named at the beginning 
of the inscription. The illegible first line seems quite insufficient 
for all these designations: we can hardly help believing that one 
line at least, and perhaps two or three, have been lost altogether. 
Possibly they may have been engraved upon another stone, sur- 
mounting the one which contained the lines here copied. Not- 
withstanding the difficultics of which Mr. Morgan speaks, the 
first line of his copy is the only one which cannot be read with 
tolerabie certainty. In the following restoration, we have been 
anes by suggestions from President Woolsey and Professor 

ibbs. 
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[roy deiva, tig miotews ual ebvoiac] Tis sic Tua nad 
ta [tloay[ula[ta olagpeo[tarals [mJodhac xai peydhas 
anodelisleag [mlewo[en]uévoy éxtevOc, xat ovte tis 
[wuz]ijc o[trle tov tnalelyoyvtwy mepeouévoly] zig ta 
5 quiv ovupégorta, duetaynoxora de xa[t ta] éyzerquodér- 
Ta abt[t) ws Hy MQOChxoy, xai xaTa Ta Lorna ayduEvoy 
[a]Siws tHv nootmnoyuévwy é[§] avrov eic ta a[od]y- 
pata, 7Bovidueba piv éte[t] ovvezery ovunpdooorta 
10 yuiv modkdé. [ A]A[V] aitod meopegouévo tiv mepi 
tO o@ua [yelyevnuévyny aobéveray did TAS OUVEZEIS xa- 
xo[mlab[eliac, akrot[v]rdc te Nucs éxoas avrov ép 1}0[v-] 
yias yevé[obloe d[a]wcg tov émilormoy zodvoy tov Blilov 
15 [advalondotug év evorabeig tov obuatog yé{y]nra, 
ouuneguyvézonuey [b]é[Alovtes xat é[v tlobtors paveoay 
moveiv tv i[zlouev mQo[g avjroy aigeo(tjy. “Iva pév 
ovy zai] eic cd [Alo[en]oy tuyzdvn névtwy tay eig tt- 
20 wiv x[ai d]dgav aynxdvtwy, rpiv éora[t] émimedféc. 
°"E)new}, tig aozreqwoivys tov’ Anddlwvo[s xjai tis 
’ Aoréudoc tov dcut{glav xai td[v] &dAwy ieQav dv cae 
tenivy éotiv én[t] Adgyng moo00ddeopérvng avdQdg girov 
25 [du]ynoougvov dé noootivale] akli]wcg tig [v]nég tov 
témov onmovdis rv éozov oli] tle med]yovor xai rpets 
nai tic] é[§] ua medg TO beiov evoeBeiac, amode- 
[dleizaule]y avrov aoz[tlegéa tottwy ne[mejo[ud]voe 
tiv megi ta’ iegla] aywyiy wdisot ay dia tobtov 
30 ovvteheobijozobon Sedvtws — otvtagtoy éy te tToig xEn- 
uatouois xatazwgi[Cley avtoy aoziegéa tav dednlw- 
uévey iegdv, xat mootiudy tov avdga akiws TIS jueré- 
35 QaS xpiGEWS, xal say zig TIVa MaQgaxad[H] TOY avy[x-] 
dytwy sig Tatta, OvvertiauBdvecbat Tobs te MOdG TOIC 
iegotg yuvoulé]voug xai tovs aAhouc otc xabhxe n[e-] 
baozetv avtov ovotijoa nagayyei[Ajaly]rag Unaxotey 
40 [x]egi dy &y yodgl[y] 7 o[v]rta[olon, avaypagivar dé 
nal TIS émtotoAys TO avtiyeagoy sig OTHAas xai ava- 
beiv[au] év toic émupaveotators TénoLc. 7 
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We subjoin the following rough translation. 

“TA. B having, with strenuous effort, made very clear demon- 
strations, many and great, of his [fidelity and devotion] to us 
and to the public service, and having spared neither his life nor 
his property fur our interests, but having managed also as was 

roper the things put into his hands, and, for the rest, conduct- 
ing himself in a manner worthy of the services before rendered 
by him to the public interests—/im we desired, indeed, still long- 
er to keep employed, co-operating with us in many things. But 
upon his bringing forward [as ground of excuse] his feebleness 
of body, the result of his continued hardships [in the public 
service], and requesting that we would permit him to be at rest, 
that for the remaining time of his life he may be, without inter- 
ruption, in good health of body—we complied [with the request], 
desiring in this also to make manifest the preference which we 
have for him. So, then, that for the future also he may enjoy all 
things which pertain to honor and reputation, shall be our care. 
Since now—as the high-priesthood of Apollo and Artemis, over 
the [holy] carvers and the other sacred offices of which the conse-: 
crated grounds are at Daphne, requires a man of friendly feeling, 
but one who will be able to preside in a manner worthy of the 
zeal for the place which our ancestors had and we [now have], 
and [worthy] of the veneration on our part for the divinity— 
since now we have appointed him high-priest, with charge over 
these things, being persuaded that through him, above all others, 
the management 2 sar vom to the sacred offices would be con- 
ducted as it ought to be—\[therefore] take order to mscribe 
him in the records as high-priest over the sacred offices set 
forth above, and to honor the man in a way worthy of our 
judgment, and, if he call to any duties, of such as appertain to 
these things, that those who are engaged in the sacred rites 
should co-operate with him, and should bring together on the 
spot the rest who ought to render service, charging them to obey 
in whatsoever he may write or order—and, farther, to have the 
copy of this letter inscribed on pillars, and to set it up in the 
most conspicuous places.” 


The contents of this inscription require little commentary. 
We will only remark that a class of persons, named dusryol, are 
mentioned in an interesting passage of Porphyry (De Abstinentia, 
ii. 30), as having part in the annual sacrifices of the Athenian 
Diipoleia. See K. F. Hermann, Lehrbuch der gottesdienstlichen 
Alterthiimer der Griechen, § 61. 20, and W. Smith, Dictionary 
of Greek and Roman Antiquities, under Diipoleia. 


While the above is going through the press, we learn from Mr. Morgan that he 
has obtained possession of the stone bearing the inscription, and presents it to the 
Society, to be deposited in its CabinetCoum. or Pust. 
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ARTICLE VII. 





ON THE ARYA-SIDDHANTA. 


By FITZ-EDWARD HALL, Esq., M.A. 





Presented to the Society May 17, 1860. 





As all Indianists must be apprised, the illustrious Colebrooke 
and the splenetic Mr. John Bentley were diametrically at vari- 
ance in their views of Hindu astronomy. To reopen this sub- 
ject is not the purpose of the present cursory paper. If Cole- 
brooke was celebrated for circumspection and accuracy, his op- 
ponent was equally remarkable for taking up theories on insufii- 
cient warrant, for rejecting them with arbitrary caprice, and for 
unrelenting animosity to all that dissented, though but impli- 
citly, from his indecisive conclusions.* Difference of opinion, 
however unobtrusive, was, indeed, a thing which Mr. Bentley 
was unable to abide. It is well known how many of his vaga- 
ries dissolved, one after another, before the scholarly research of 
his unintentional rival; and, in measure as they dissolved, his 
wrath only grew the more vehement. Ina volume which was 
written shortly before his death, he finally attempted to make 
good against Colebrooke a foolish fable that he had been the 
victim of a gross deception. A spurious Brahma-siddhdénia had 
been passed upon his willing credulity. Small pains was re- 
quired to disprove this silly fiction; but, in reprisal, the gener- 
ally imperturbable Colebrooke was moved to prefer a counter- 
charge. Its grounds I propose here briefly to examine. 

“T might retort on Mr. Bentley,” says Colebrooke, “that the 
A'rya-siddhdénta, described, by him, in the third section of the sec- 
ond part of his posthumous work, is not improbably a fabrication. 
No one but himself has yet seen it: the manuscript of it is not 





* Since writing the above, I perceive that I have in a manner iterated the 
very sentiments and language of Colebrooke, who says: ‘“ Mr. Bentley was, as his 
writings evince, a good hater. He bore animosity to me, and to every one who 
did not implicitly adopt his opinions concerning Hindu astronomy, nor concede to 
the authority of his conclusions respecting it.” 
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forthcoming: he did not understand Sanskrit, and therefore he 
was very liable to imposition: his notions, not to say prejudices, 
were well known to the natives who attended him: and he was 
as likely as his friend Col. Wilford, to have fabrications imposed 
upon him.* According to the quotations of authors, A’ryd- 
shtaka and Das'agitiké were the titles of A’rya Bhatta’s works, 
and not A’'rya-siddhdnta. It is, in all likelihood, pseudonymous.” 

Mr. Colebrooke had previously said: “ A’rya Bhatta was au- 
thor of the A’rydshtas'ata (800 couplets) and Das'ayitika (ten 
stanzas), known by the numerous quotations of Brahmagupta, 
Bhatta Utpala, and others, who cite both under these respective 
titles. The Laghu-drya-siddhénta, as a work of the same author, 
and, perhaps, one of those above mentioned, is several times 
quoted by Bhaskara’s commentator, Munfs’wara.” Algebra, etc., 
Note G; or Miscellaneous Essays, ii. 467. 

T'wo copies of the A’rya-siddhanta,+ both imperfect and very 
incorrect, have come into my possession. This treatise is in 
eighteen chapters; and I more than suspect it to be the same 
composition which Mr. Bentley also had seen in a mutilated form. 
I shall proceed to verify it by a few extracts, professedly from 
A’rya Bhatta, which occur in the writings of various mathemat- 
ical commentators. And first among these extracts I place those 
that were known to Colebrooke, though he was uninformed as 
to the particular work whence they were derived. 


OT SHAT, Ty Fey ee ANTL Te AT | 
A'rya-siddhdnta, kshetra-vyavahdra chapter. 
“The following rule for finding the arc is cited, by Ganes’a, 
from A’rya Bhatta: ‘Six times the square of the arrow being 
added to the square of the chord, the square-root of the sum is 
the are.’”” Algebra, etc., p. 90, second foot-note. 
~~ a = ' 
A'rya-siddhdnta, opening verse. 
“.... a passage of A’rya Bhatta....: ‘the multifarious 
doctrine of the planets, arithmetic, the pulverizer (kuttaka) and 





* Mr. Bentley had written: “I think Mr. Colebrooke, like my old friend the late 
Col. Wilford, and perhaps many others, was imposed on by his crafty dependants, 
who studied his inclinations and his wishes, and, from knowing the bias of his sen- 
timents, were thereby enabled to practice, with security and advantage to them- 
selves, their imposture of forged and interpolated books, which they produced for 
him, or put in his way to obtain, as might appear best to answer their purpose.” 
A Historical View of the Hindu Astronomy (Calcutta edition), p. 139, foot-nute. 


+ In the colophon to one of my copies, the work is called Mahdrya-siddhante ; 
elsewhere, Mahd-siddhanta. In my other copy I find A’rya-bhatta-siddhanta six 
or seven times, and Mahd-siddhanta of A'rya Bhatta thrice. The augmentative 
epithet Maha precedes the name of A'rya, where he is cited by Ganes’a. But see 
near the end of this article. 
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analysis (bija), and the rest of the science treating of seen* ob- 
jects.” Algebra, etc., p. 112, foot-note. 


ars Waae MITT HL: MTATTAT AY | 
oreneatat femit eqy ezag wt aH 

“The following passage of A’rya Bhatta is cited by Ganes’a 
in his commentary on the Lildvati: ‘The product of the breadth 
for length] and thickness, in fingers, being multiplied by the in- 
tended sections, and divided by five hundred and seventy-six, 
the quotient is the (phala) superficial measure of the cutting, 

rovided the timber be Khadira (Mimosa catechu). If the wood 
G S'riparni ( ), Sakaka (Tectona grandis), &c., the 
divisor should be put three hundred and fifty: if the wood be 
Jambu (Eugenia Jamboo), Biya (Citrus medica), Kadamba (Nau- 
clea orientalis and Cadamb), or Amit (Tamarindus Indica), it 
should be twenty Jess than four hundred. The divisor should 
be two hundred and fifty, if the timber be S’éla, Amra, and Sa-. 
rala (Shorea robusta, Mangifera Indica, and Pinus longifolia). 
If it be S’almali (Bombax heptaphyllum), &c., the divisor is 
two hundred. Money is to be paid according to the divisor.’ ” 
Algebra, etc., p. 315, second foot-note: and see ibid., p. 102, 
foot-note. 

Only one of my a has any portion of these last 
verses ; the first line and a half. There is here a break in my 
copies. 

Ee Essays, ii. 392—translates, in these 
words, from A’rya Bhatta as cited by Prithidaka Swamin: 
“The sphere of the stars is stationary; and the earth, makin 
a revolution, produces the daily rising and setting of stars ou 

lanets.” Subjoined is the original, according to Prithtidaka; 
be I have not sought out the passage in my MSS. of the A’rya- 
siddhénta. The A’rya-siddhdnta being metrical, this extract 
might go to prove that A’rya, besides his works in verse, wrote 
others in prose; did we not know that there was a second writer 
so named. Moreover, our A’rya Bhatta argues the fixedness of 
the terrestrial orb. The words are these: 





* “Seen, or physical ; as opposed to astrology, which is considered to be convers- 
ant with matters of an unseen and spiritual nature, the invisible influence which 
connects effects with causes.” 
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Again, Colebrooke—Miscellaneous Essays, ii. 378, foot-note— 
quotes, through Munis’wara, from A’rya Bhatta’s A’rydshtas'ata. 
I do not find the quotation in the A’rya-siddhdnta. That this 
treatise bore the second title of A’rydshtas'uta is, as Colebrooke 
suggests, not impossible. My less defective copy of the A’rya- 
siddhdnta, which contains five hundred and sixty-two stanzas, 
has omissions indicated at several points. Of their extent I can, 
of course, say nothing. 

The passage referred to, by Mr. Bentley, at p. 126 of his 
“ Historical. View,” as being in the fifteenth section of the A’rya- 
siddhanta, really occurs there. Further, I have traced to their 
places in the A'rya-stddhdnta parts or wholes of three couplets* 
adduced in Munis’wara’s Marichi, a commentary on the Siddhan- 
ta-s'iromant, as from the Laghu-drya-bhatta-siddhaénta ; and two 
coupletst as given in the same writer’s gloss on the Lilévati, and 
there credited to A’rya by name. I have not had the same suc- 
cess as touching a couplett vouched by Bhatta Utpala, in his 
annotations on the Vdardhi-sanhité, chapter xvii, and attributed, 
by him, to A’charya A’rya Bhatta. 

Mr. Bentley’s MS. of the A’rya-siddhdnta, as by him described, 
corresponds punctually, in the way of hiatuses, with one of my 
own copies. 

The mathematician Ganes’a, as before observed, in making an 
extract from the A’rya-siddhdnia, qualifies its author’s name by 
the prefix of Mahé. This may, or it may not, have been de- 
signed as equivalent to Vriddha. On the first hypothesis, it was, 
perhaps, an oversight; unless A’rya Bhatta reproduced, in some 
more mature treatise, still to emerge, the very words which he 
had employed in an earlier performance: but there is no neces- 
sity for surmising that he may have done so. For, as reference 
is made in the A’rya-siddhdnta to Vriddha A'rya Bhatta, there 
should seem to have been two writers called A’rya Bhatta. Se- 
nescence not preceding youth, the term Vriddha, when used of an 
author, must be susceptible of the same extension of import to 
which it is subject when applied to homonymous kings. Not to 
repeat myself on the verbal nicety here adverted to, I remit the 
reader to my preface to the Vasavudatié of Subandhu, pp. 49, 50, 
in the Bibliotheca Indica of the Asiatic Society of Bengal. Our 
A’rya-siddhdnta had, for its writer, A’rya Bhatta Junior. 

Troy, N. Y., U. S. A., March 1, 1860. 





* Beginning, severally, HET Ay i, TUHTTITA, and aaTarntaarat, 
+ Which commence with ny [ and aN, respectively. 
t Its first words are tan: ouert=rt, 
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AppitionAL Nore on ARYABHATTA AND HIS WRITINGS, 
BY THE COMMITTEE OF PUBLICATION, 


Mr. Hall has conclusively shown, in the foregoing article, that the 
one described by Bentley, under the title of Arya-Siddhanta, is not, 

as suggested by Colebrooke, a modern imposture; but that, on the 
contrary, it had been quoted by Colebrooke himself, at second hand, as 
by Aryabhatta, and is, by citations and references in the works of later 
Hindu astronomical writers, sufficiently attested as being, in their opin- 
ion, truly ascribable to that ancient and famous authority. He has farther 
made it at least a probable supposition that the treatise in question is, in 
conformity with Colebrooke’s earlier conjecture, to be identified with that 
so often credited to Aryabhatta by the name of AryAshtacata. Now on 
comparing the data furnished us from it by Bentley with the sketch of 
Aryabhatta’s system given by Colebrooke (As. Res., xii. 248; Essays, ii. 
414), upon the authority of Brahmagupta and his cominentator, it will be 
seen that the two are quite discordant with one another; so much so 
as to render it unlikely that both should be productions of the same 
teacher. But the reader of Bentley will also notice that the latter 
speaks of another Arya-Siddhanta, which he denounces as “ spurious,’ 
proving it in detail, very much to his own satisfaction, to be a mere 
modern manufacture, although it lays claim to the title of Laghu-Arya- 
Siddhanta. The futility of the arguments with which he assails its 
authenticity is, however, in part palpable at first sight, in part evident 
upon a slight examination, nor is his opinion upon the matter of a straw’s 
weight as authority. On the contrary, the peculiarities which, according 
to his statements, distinguish the work, are such as attract to it at once 
a high degree of interest, as one which, in some important particulars, 
is unlike all the other Hindu astronomical treatises of which we have 
thus far any account. This interest is increased, as we note that its doc- 
trines agree, so far as we can compare them, with those attributed to 
Aryabhatta by Brahmagupta. Again, the number of civil days stated 
by it to compose a Great Age (mahdyuga), of 4,320,000 years, and so 
its valuation of the sidereal solar year, agree with those which Warren 
(Kala Sankalita, pp. 7, 70) states to be adopted through a great part 
of Southern India, “upon the authority of the Arya-SiddhAnta.” It 
seemed to us, then, not undesirable to add, if possible, to Mr. Hall’s paper 
upon Aryabhatta and his works, some more particular information re- 
specting this other Arya-Siddhanta, and especially in view of the sug- 
gestion, finally thrown out by Mr. Hall, that there may have been more 
than one astronomical author of the name. And having observed, in 
Weber's Catalogue of the Berlin Sanskrit Manuscripts (No. 834, p. 232), 
that the Berlin Library contained a treatise which purported to be a 
commentary on Aryabhatta’s Dacagitika, we took the liberty of beg- 
ging from the distinguished author of the Catalogue some notices from 
this manuscript. In reply to our application, he has, with the most 
obliging kindness, copied for us the whole work, so that we are able to 
present here a full sketch of its character, and to settle many of the 
questions which had presented themselves to our minds in connection 
with the subject in hand. 
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The treatise is a brief one, containing only about 150 stanzas. It is 
divided into four chapters, called padas, of which the third is, in its sig- 
nature, called the “fourth,” so that we may perhaps have only a frag- 
ment before us. It is certainly imperfect at its commencement, as the 
first leaf, and a little more, of the present MS. contains the calculation 
of an ahargana, or “sum of days,’ which has nothing whatever to do 
with the work itself: the first verse given of the latter is numbered 6. 
There are, however, five verses interposed between pddas three and 
four, and numbered independently, which may possibly be those wkich 
are missing at the beginning, and the name given to the divisions of the 
work is at least strongly indicative of only a fourfold division of it: nor 
does it appear, from the general scheme of contents, that any indispens- 
able part of a summary astronomical treatise is wanting. Unfortunately, 
the text is very badly corrupted and incorrect, so that, after the rather 
hasty study which we have as yet been able to give it, much remains 
obscure to us in its contents. It most unequivocally lays claim to being 
a commentary on the Dacagitika of Aryabhatta; the latter, and no 
other authority, is repeatedly spoken of in its verses, and its concluding 
stanza is as follows (with some emendations) : 


“ Bhiita-Vishnu (?} hath thus comprehensively explained — having 
learned it by the favor of his teacher—the Dagagiti text-book, of very 
obscure meaning, formerly promulgated by Bhatta.” 

There can be no manner of doubt, now, in the first place, that the 
text of which this work is a metrical paraphrase is that described by 
Bentley as the Laghu-Arya-Siddhanta. In nearly every particular re- 
ferred to by Bentley, it agrees with his authority. The numbers of 
revolutions of the planets—the order in which the latter are constantly 
named—the commencing of the present Mon (kalpa) with Thursday, 
and so that of the last Great Age (mahdyuga) with Wednesday, and 
the current Iron Age (kali yuga) with Friday—the number of years 
reckoned as elapsed since the beginning of the Aon, with that of the 
days contained in them—the statement of the positions of the apsides 
and nodes of the planets directly*—the ratio of the diameter to the 





* The positions assigned by the treatise to the apsides and nodes are as follows: 
Sun, 2s 18° 


Mercury, 73 os 20° 
Venus, 28 20° 28 0° 
Mars, 35 28° Ts 10° 
Jupiter, 58 20° 28 30° 
Saturn, 78 26° 3s 10° 
Bentley (p. 182) says that “the positions of the aphelia....are com from 


the numbers given in the genuine Arya-Siddhanta.” The latter we have given 
above (under i. 41-44 of the Sarya-Siddhanta): it will be seen, on comparing the 
two statements, that Bentley’s assertion is by no means strictly true; and moreover, 
that the data of the Laghu-Arya-Siddhanta confirm the suspicion there expressed 
by us, that, in the case of Venus and Saturn, Bentley’s manuscript, or his report of 
it, is in error. The positions of the nodes, on the other hand, are precisely aceord- 
ant, to degrees, in the two treatises. 
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circumference of the circle—the diameters of the earth, sun, and moon 
(those of the other planets we have not yet succeeded in tracing out), 
and the “ orbit of the wind ”—are all here, as Bentley gives them. The 
passage cited by Bentley as referring to the Brahma-Siddhanta and to 
Brahmagupta is not, of course, to be found: on internal grounds, more- 
over, we should regard at present as very questionable its authenticity, 
as part of the treatise in question. 

We will now proceed to inquire how far the doctrines of our treatise 
correspond with what has elsewhere been handed down as taught by 
Aryabhatta. The peculiar division of the Great Age (mahdyuga) and 
constitution of the Aton (kalpa), described by Brahmagupta (see Cole- 
brooke, as above) as Aryabhatta’s, are here given. The treatise begins 
the | Eon with sunrise at Lanka, a tenet which distinguished the school 
of Ary: abhatta from that of Pulica (see Colebrooke, as above: also Es- 
says, li. 427, et al.). It affirms the revolution of the earth on its axis, 
and the non-reality of the apparent daily motion of the stars, compar- 
ing this to the effect of riding in a chariot, when fixed objects seem to 
be moving in a direction contrary to that in which the chariot is pro- 
ceeding (see the reference to this point in Mr. Hall’s paper). It de- 
clares the moon, planets, and stars to be naturally dark, and only illu- 
minated upon the side which is turned toward the sun (see Colebrooke, 
Hind. Alg., Note G; Essays, ii. 467). The variability of dimensions 
of the epicycles of the planets is recognized, although the agreement 
between this treatise and the Sairya-Siddhanta herein is not so close as 
Colebrooke (As. Res., xii. 236; Essays, ii. 401) seems to have understood 
it to be: perhaps Colebrooke’s reference here belongs rather to the 
other Arya-Siddhanta. The passage repeated by Colebrooke (Hind. 
Alg., Note 1; Essays, ii. 473) from Bhatta-utpala on Varaha-mibira 
is almost precisely represented by the first verse of our third pdda: 
its evidence, however, is of little account, as it relates to a matter so 
general that it might occur in nearly equivalent terms in almost any 
treatise; Colebrooke is mistaken in attributing to it any necessary 
connection with the doctrine of the precession: the position of the 
equinoxes would be described by a Hindu astronomer as in the first of 
Aries and of Libra, whatever his theory respecting the important fact 
of their movement along the ecliptic. The doctrine respecting the pre- 
cession attributed to Aryabhatta by Municvara and others (see Cole- 
brooke, As. Res., xii, 213; Essays, ii. 378, et al.)}—namely, that the equi- 
noctial points librate 578, 159 times in an Aon (kalpa) through an are 
of 48°—appears from Bentley (Hind. Ast., p. 140 etc.) to belong to 
the more extended treatise, and not to the Laghu- Arya-Siddhanta, In 
connection with the latter, Bentley makes no mention of the precession, 
nor have we as yet succeeded in discovering anything about it in our 
treatise, although we would not venture to say with entire confidence 
that it is not there. It seems, then, altogether probable that Cole- 
brooke’s suggestion (as above) is well- founded, to the effect that the 
libration of the equinoxes may be taught in the AryAshtacata, and not 
in the Dagagitika, although we cannot regard as of force the particular 
reason he assigns for it, since the equinoxes are by no means likely to 
have been treated as nodes by the early astronomers. A scholiast upon 
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the Vardhi-Sanhita ascribes to Aryabhatta (Colebrooke, As. Res., xii. 
244; Essays, ii. 410) the determination of Jupiter’s revolutions in a 
Great Age (mahdyuga) as 364,224; this is the number given in our 
treatise, and in Bentley’s Laghu-Arya-Siddhanta; that found in his 
Arya-Siddhanta is 364,219.682. 

The agreement of the value of the sidereal solar year derivable from 
the work in our hands with that adopted in a part of Southern India 
as upon the authority of the Arya-Siddhanta has already been noticed 
above. The value assigned to the same period by Bentley’s Arya-Sid- 
dhanta is slightly different (see above, p. 168). 

Finally, we learn from an essay published by Whish, in the Transac- 
tions of the Literary Society of Madras for 1827 (and reproduced, in 
the main, by Jacquet, in the Journal Asiatique for August, 1835: we 
cite it from the latter, not having access to the original article), that 
Aryabhatta had devised a certain peculiar method of representing num- 
bers by means of the letters of the Sanskrit alphabet*, a method which 
the essayist goes on fully to expose and illustrate. He states it to be 
derived by him from a mathematical work, named, after its author, the 
Aryabhattiya, and containing 123 stanzas, divided into 4 chapters. 
This method of notation appears in the treatise which we are consider- 
ing. The five verses referred to above as interposed between its third 
and fourth chapters give an exposition of the system, and, in the follow- 
ing chapter, the numerical data, such as the numbers of revolutions of 
the planets, are given first in this form of notation, and then in the 
usual method. Moreover, after the signature of the work, the numbers 
of revolutions of the planets, including the moon’s apsis and node, are 
once more given in Aryabhatta’s peculiar notation: yet, as might be 
expected, notwithstanding this repetition, it would be impossible to re- 
store, from the manuscript alone, the true forms of these brief algebraic 
expressions. Thus, for instance, for =a, which expresses 4,320,000, 
the number of the sun’s revolutions in a Great Age, the manuscript 
offers the first time wna, and the second ae 5 and others are yet 
worse corrupted. The question suggests itself, whether Whish’s Arya- 
bhattiya is the same work with the Dagagitika or Laghu-Arya-Sid- 
dhanta, or whether it is one of the general mathematical works of the 





* M. Reinaud (Mémoire sur l’Inde, p. 299 etc.) derives from this fact the alto- 
gether mistaken inference that, at the time of Aryabhatta, the Hindus had not yet 
invented their system of signs employed in decimal notation. He farther notes the 
fact that the works of Brahmagupta and other later authors do not imply the 
use of such figures; although we do not understand him as holding that, at 
their period also, these were not known and used in India. He can have had, 
however, but a very imperfect apprehension, if any, of the exceeding pertinacity 
and circumspection with which, in certain departments, the fiction of an entirely 
memorized and orally transmitted literature is kept up in India, all allusion to 
written texts, characters, or figures being rigorously excluded. We doubt wheth- 
er it might not fairly be inferred from the whole early astronomical literature, but 
for external evidence and the argumentum ex impossibili, that the Hindus of its 
period could neither write nor cypher. An eminent Indianist (Prof. Max Miller, 
in his History of Ancient Sanskrit Literature, p. 500 etc.) has, from similar evi- 
dence, drawn a like conclusion with respect to the later Vedic period; but, as we 
cannot but believe, with equal fallacy. 
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same author which Colebrooke (Hind. Alg., p. v; Essays, ii. 422) com- 

lains that he had diligently sought after in vain. From the manner 
in which Whish speaks of it, we should be inclined to draw the lat- 
ter conclusion, although nevertheless not regarding the other as inad- 
missible. In either case, the discovery of this curious invention of 
Aryabhatta’s in the work now under consideration is an additional proof 
of no slight force and value that it really represents the teachings of its 
alleged author. 

We regard it, then, as established beyond all reasonable doubt that 
Bentley’s Laghu-Arya-Siddhanta is the same with the work called the 
Dagagitika, attributed to Aryabhatta, and containing, of the doctrines 
ascribed to its reputed author by later Hindu authorities, as far back as 
Brahmagupta, the larger and the more characteristic and interesting 
portion. The other Arya-Siddhanta, judging it from the account given 
of it by Bentley, appears to be, in comparison with this, a quite ordi- 
nary astronomical treatise, representing the general Hindu system with 
unimportant modifications. Of special resemblances or connections 
between the two, such as should lead independently to the suspicion 
that both might come from the same hand, we have been able to dis- 
eover none. Yet it seems clear that Brahmagupta and others have 
treated them as works of the same author, and have founded upon their 
discordances a charge of inconsistency agaiust Aryabhatta. That the 
application, by so late an authority as Ganeca and by the scribes of 
manuscripts, of the equivocal title Maha to the Arya-Siddhanta and its 
author, implies any distinct recognition on their part of the existence of 
more than one astronomer of the name, does not appear to us alto- 
gether certain. Yet we cannot refrain from joining with Mr. Hall in 
the belief that the Arya-Siddhanta, even if rightly ascribed to Arya- 
bhatta, is the work of another and a more modern hand than that 
which wrote the other treatise. If both treatises were so much older 
than Brahmagupta that in his time the memory of their distinct origin 
could have become dimmed or obliterated, this is an important testi- 
mony to their common antiquity, It must be a matter of much inter- 
est to deduce the true relation subsisting between the two; and then, 
farther, to determine whether the Laghu-Arya-Siddhanta was composed 
before the final settling down of the general Hindu astronomical system 
into the form it has ever since worn, or whether its author had the 
boldness and independence to deviate from that system after its estab- 
lishment. Nor do we think the study of any other treatise gives fairer 
prospect of throwing valuable light upon the early history of the Hindu 
astronomy, than that of Bentley’s “spurious Arya-Siddhanta,” or the 
Dacagitika of Aryabhatta. W. D, W. 
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I. INVERTED CONSTRUCTION OF MODERN ARMENIAN. 


BY REV. ELIAS RIGGS, D.D. 


Presented to the Society May 20, 1857. 


One of the most note-worthy phenomena of language which have 
come under my observation is the inverted construction of sentences in 
the Modern Armenian language. Essentially the same prevails in Turk- 
ish. What is specially worthy of notice in Armenian is, that the con- 
struction of the ancient language is almost the reverse of that of the 
modern ; and that, notwithstanding the fact that the ancient dialect has 
been, up to the present century, the exclusive language of books, and 
continues still to be preferred by many Armenian scholars as the lan- 
guage of scientific works and of epistolary correspondence. 

A striking illustration of the feature to which I allude is furnished 
by many passages in the Old Testament, where the order of words in 
the Ancient Armenian version is precisely the same with that of the 
Hebrew original, while the translation into the present spoken Armenian 
can be written directly under the Hebrew sentence, commencing at the 
left under its last word, following word for word the inverted order of 
the original, and ending at the right under the first word of the Hebrew 
sentence. 

This inversion is not, like that of classical Greek and Latin, a matter 
of emphasis or euphony, but enters-into the structure of the language, 
and is an essential feature of its syntax. I will endeavor to illustrate it 
in a few particulars. 

1, All the words which correspond with our prepositions (excepting 
one or two, occasionally borrowed from Ancient Armenian) are postposi- 
tions. Thus, instead of ‘concerning it,’ the Modern Armenian says ‘ it 
concerning ;’ instead of ‘in the house,’ ‘the house in;’ and that, not 
merely in the case of syllables suffixed to form the oblique cases of 
nouns, but also in the case of separate words. 

2. The particle which corresponds to our definite article is a suffixed 
letter. In this the Armenian agrees with some other dialects, both an- 
cient and modern, as the Danish and Albanian in Europe, and the 
Chaldee and Syriac in Asia. Thus doon is ‘house,’ doéni ‘the house ;’ 
genitive dan, emphatic form dani ; ddnt vrayov, ‘concerning the house.’ 
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3. The noun or pronoun expressing the object of an action precedes 
the verb by which it is governed: e. g., ‘They him rejected ;’ ‘ God the 
earth created.’ 

4. In like manner, the noun or adjective which forms the predicate 
of a simple proposition is placed between the subject and the verb: 
e. g., ‘He kind was;’ ‘I a man am.’ 

5. Most remarkable of ail is that the circumstances of time, place, 
order, and frequently also of manner, means, and instrument, are placed 
at the beginning of a sentence. Thus, instead of saying, as in English, 
“ A Greek, in consequence of a quarrel originating in the use of wine, 
killed an Egyptian yesterday with a pistol in one of the streets of this 
city,” an Armenian would say, “ Yesterday—of this city—of the streets 
—one—in—of wine—the use—in—originating—of a quarrel—in con- 
sequence—with a pistol—a Greek—an Egyptian—killed;” or, “a Greek, 
with a pistol, an Egyptian killed.” 

To sum up the above particulars—a complex sentence in Modern Ar- 
menian generally gathers up first all the circumstances of an action, as 
time, place, and order, frequently also of manner, means, and instru- 
ment (although these admit of more latitude in their collocation) ; then 
follows the subject, with its attributes; then the object with its attri- 
butes ; and last of all the verb. The last verse of the Book of Leviticus 
in English reads thus: “These are the commandments which the Lord 
commanded Moses for the children of Israel in Mount Sinai.” In Mod- 
ern Armenian, the first word of this sentence is ‘Sinai,’ the second 
‘mount,’ the third ‘in,’ the fourth ‘of Israel,’ the fifth ‘the children,’ 
and the sixth ‘for,’ being exactly the reverse of the order in English. 
The rest reads ‘of the Lord—to Moses—the commanded command- 
ments—these are.’ In the Ancient Armenian version, the order of the 
words of this sentence is precisely the same as in English. 

This remarkable change in the structure of sentences in Armenian is 
unquestionably to be attributed to the influence of the prevailing lan- 
guage of the country—the Turkish, in which the inverted order seems 
to be idiomatic and natural. The dialect spoken by the Armenians in 
Persia and India approaches much more nearly to the style and idiom 
of their ancient tongue. 


~~ 





Il. On Dr. S. W. WititAms’s CHINESE DICTIONARY. 


BY REV. WILLIAM A. MACY. 


Presented to the Society May 18, 1859. 


A number of copies of the Tonic Dictionary of the Chinese Language 
in the Canton Dialect, by Dr. S. Wells Williams, are for sale: at the 
rooms of the American Board of Commissioners for Foreign Missions, 
at 33 Pemberton Square, Boston; and as the work will be unknown to 
most of the scholars and literary institutions of the United States, a brief 
account of its character and merits may not be out of place among your 
literary notices. 
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The book is the production of one of the missionaries of the Ameri- 
can Board, who at the time of its publication had been twenty-three 
years in China, and who is well known as not only a sinologue, but a 
Japanese scholar, and a naturalist. His introduction to the public, 
through his contributions to the “Chinese Chrestomathy” published by 
Dr. E. C. Bridgman, through the “ Easy Lessons in Chinese,” the “ Eng- 
lish and Chinese Vocabulary,” and the “ Middle Kingdom,” gave assur- 
ance that a work such as this now under notice would be marked by 
accuracy, research, and availability. This assurance has been fully real- 
ized, and in the small, portable manual, whose appearance so contrasts 
with the bulky volumes which are constantly associated with the study 
of Chinese, we have not only the most convenient, but the most valuable 
aid yet furnished for the attainment of the Chinese language. 

The student of Chinese is now quite liberally furnished with helps, 
in the form of grammars, translations, chrestomathies, and dictionaries. 
It is with these last only that we shall now have to deal, in order to 
appreciate the value of the work of Dr. Williams. 

The Chinese themselves have given much attention to lexicography, 
and have investigated the composition, meaning, and use of the words 
of their language in a very complete manner. In the Chinese Reposi- 
tory, xvii. 433-459, may be found a list of 218 separate works collected 
in the Imperial Library at Pekin. Of these, however, but few are ever 
consulted by the foreign student, and for general purposes probably 
not over four or five are worthy of mention. And among these, two 
have a decided preéminence; these are K’ang hi tsz tien, or the Dic- 
tionary compiled by Order of Kanghi, generally bound in 32 or 40 
volumes, and P’ei wan yuen fu, or the Thesaurus of the Chinese Lan- 
guage, with the same arrangement as the preceding, but with copious 
illustrations from all Chinese classical literature: a notice of this work, 
as well as of a proposed translation, may be found in the Chinese Re- 
pository, xii. 300 ete. 

It is needless to say that the benefit of any native dictionaries is con- 
fined to the advanced scholar, and cannot be felt by the beginner. 

Of dictionaries by foreigners, besides several small vocabularies, very 
limited in their range, and generally very hard to obtain, there have 
been published six in the general language, and two in local dialects. 

1. The large folio known as the Dictionary of De Guignes, with a 
supplement by M. Klaproth. This very bulky work was published in 
France, under the patronage of Napoleon I., and contains definitions 
in both French and Latin. It is not without value, though it was soon 
superseded by the more complete work of 

2. Dr. Morrison. This monument of his industry, patience, and 
learning is contained in six quarto volumes. Three are devoted to the 
arrangement under the radicals, according to the system of Kanghi. 
The first of these is exceedingly full, containing, besides the matter ap- 
propriate to a dictionary, many translations and essays illustrative and 
explanatory. The fourth contains a selection of characters arranged 
alphabetically. This is the most useful portion of the work. The rest 
is taken up with indexes and an imperfect’ English-Chinese part. Dr. 
Morrison’s claims to the grateful acknowledgments of posterity may be 
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best stated by saying that with his help have been trained all the schol- 
ars who in this land have as yet extended the bounds of our knowledge 
in this tongue. His dictionary has been the common fountain to which 
all have as yet resorted to obtain the knowledge they desired. Still his 
work was not perfect, and when the impression became nearly exhaust- 
ed, there was a double call for some farther efforts in this path which 
he so successfully travelled. 

8. Dr. Medhurst published at Batavia a translation of Kanghi’s Dic- 
tionary, in two volumes. This work was reasonable in price and not 
inconvenient in form, and on the whole has been a great assistance to 
mary students, though not free from serious errors. 

4. M. Callery, a French missionary, published a compendious vocab- 
ulary, arranged on a new principle, the definitions in Latin, and the 
whole designed rather as an introduction to the large Encyclopedia 
which he undertook to publish, a translation of the Thesaurus men- 
tioned above. This work is scarce and has been but little used. 

5. Gonsalves, a Portuguese priest and professor in the College of St. 
Joseph, at Macao, published a dictionary in Chinese-Portuguese, and 
one in Chinese-Latin, with the corresponding parts in Port.-Ch. and 

‘Lat.-Ch. These works are valuable and erudite. But the language of 
the former is so little known as to interfere much with its use; and he 
created a new difficulty by rearranging the radicals of Kanghi on a plan 
of his own. But little use is made of any of his labors. 

Besides these, there is a Dictionary of the Fuh-kien dialect, by Dr. 
Medhurst, of little valae, and a small vocabulary of the Tie-chiu dialect, 
by the Rev. Mr. Goddard, which contains only very brief definitions, 
without any phrases or examples. 

This was the state of things when, in 1849, Mr. Williams began a 
translation of a smal! manual of the Canton dialect, of which he gives 
an account in his introduction. The design was at first only to produce 
a vocabulary, of perhaps 200 or 300 pages. But after proceeding as 
far as the syllable Fa, the materials on hand, and the evident desirable- 
ness of a more complete work led him to enlarge his plans in such a 
way as to produce a book of 900 pages, the first 40 pages having been 
rewritten so as to make 72 pages as published. The work was extend- 
ed through more than seven years, partly on account of the author’s 
absence in the American expedition to Japan under Com. Perry, partly 
because it was only a secondary occupation for a part of the time. 

It was originally undertaken as a direct help to those speaking the 
Canton dialect, and the sounds of the characters are therefore con- 
formed to that local pronunciation. The gain to the students of that 
dialect is so great as to outweigh all objections from the limited use of 
those sounds, especially as in the case of every dialect the difficulty 
from the use of the sounds of even the general language is just as great. 

This dictionary was by no means deprived of any advantage which 
P. Gonsalves threw away, when he refused even to look at the work of 
another. It professes to have gathered all that is really valuable in all 
the five works above mentioned, and from whatever has been written 
on points of lexicography that was within the author’s reach. As com- 
pared with the works of De Guignes and Morrison, Dr. Williams had 
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the aid of forty years’ study of the Chinese, both in Europe and in China, 
the contributions of many practical scholars embodied in a variety of 
works. The very necessities of the case would have compelled an ad- 
vance and an improvement. But besides this, he brought his own 
acquaintance of twenty years with the language, and his wide range of 
general knowledge. Thus, in addition to the combined treasures of his 
predecessors, we have new stores of definition and illustration, and in 
particular an unrivalled accuracy in the case of terms of geography, 
history, and natural science. Where previous writers had to content 
themselves with saying, a river, a tree, a fish, or an insect, Dr. Williams 
has labored to fix upon the exact place, locality, and individual, or on the 
true technical name in every case. A cursory comparison of his work 
with others will show at least what he has attempted. 

The size of his work will probably not prepare those who have been 
used to the dignified portliness of De Guignes and Morrison for the 
statement that no other dictionary is so full in its definitions, and this 
not only in the abundance of synonymous expressions, but also in the 
shades and changes of meaning. In this particular it is much in 
advance of any other. In the selection of phrases, the most important 
portion of a Chinese lexicon, it is also far in advance of any other simi- 
lar work, drawing its examples from the classics, from ordinary styles of 
composition, from proverbial expressions, and from colloquial usage. 
It is to be regretted that the want of a suitable font of type should have 
prevented the insertion of all the Chinese characters, the fixing of 
which is often very difficult. But notwithstanding this drawback, these 
illustrations are of the highest value to the student, and in the Canton 
dialect the want is scarcely felt. 

The Dictionary contains about 7800 characters, a number which, if it 
does not include all that will be met with in ordinary reading, yet omits 
only a few of unusual occurrence, the meaning of which can in Chinese 
works generally be found in a commentary. Parts of the Dictionary 
having been issued from time to time as printed, and placed in the hands 
of those who daily consulted it, many omitted words were supplied, 
which are inserted in the Appendix. 

The list of proper names, which does not embrace those that have 
become extinct, is useful in China, and may be interesting elsewhere. 

The Index according to radicals has been very carefully prepared, 
and is believed to be very reliable in respect to the radical and number 
of strokes as there given, and as an index to the Dictionary. 

The various information given in the Introduction is also both inter- 
esting and accurate. 

To any one, therefore, who feels attracted to the study of a language 
which, in spite of its traditional difficulties, has not been without at- 
tractions to a large number of European scholars, it may with confi- 
dence be said, that by the use of this little volume many rough -places 
will be smoothed, and many an abyss bridged over, and many fields 
of thought and investigation made accessible. To such a one it may 
be a kindness also to mention that in the Chinese Repository, xviii. 402 
etc., 657 etc., may be found a very full list of works relating to China 
and its language. ~ 
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It must not be inferred from what is said above that Dr. Williams’s 
work is to be regarded as having reached a point in Chinese lexicography 
which virtually precludes future efforts. The original design was not 
to construct a lexicon on scientific principles, and to exhaust the whole 
field thus laid open. Such a plan would have defeated any hopes of an 
immediate supply for the existing wants. Accuracy, copiousness, clear- 
ness, definiteness were the ends sought after, and in a very high degree 
secured. But the dictionary which shall embrace all the literature of 
3000 years, in all its well defined divisions—which shall lay hold of the 
original thought contained in every word, and trace it through its 
changes during centuries, and under all the exigencies of a changing 
civilization—which shall do justice to the philosophies of different sects, 
in their original character and in their modified aspects after mutual 
friction and collision—which shall give due weight to historical elements 
_which modify and revolutionize language—which shall arrange and ex- 
plain the technology of a crude and often ridiculous science—who can- 
not see that this is not yet a possible thing! Local dictionaries, special 
lexicons, monographs, essays, translations, and especially new and more 
thorough investigations, must precede even the first inception of such an 
undertaking. If Hebrew, Greek, and Latin are only now just beginning 
to be illustrated in scientific dictionaries, how much more time must be 
given to a language in which only the rudiments have yet been mas- 
tered! In China there is a select number of works which may be com- 
pared with Assyrian inscriptions, for the deep obscurity which en- 
shrouds them; there are the later classics, on which the Chinese have 
multiplied commentaries beyond number ; there are countless works in 
poetry, in metaphysics, in science, in politics, in history, in religion ; 
there is a style of loftiest conciseness, the acme of literary attainment ; 
there is a conventional style of fine writing, the standard of the exam- 
inations ; there is a style of public documents, a style of simple compo- 
sition adapted to the comprehension of persons of limited education ; a 
style of ordinary life, conversational, colloquial: each of these presents 
words under some new phase. Each of these styles must be separately 
studied, and from the comparison of all the true idea of every word be 
at last deduced. The lifetime of no man will enable him to compass 
all this labor, and as yet the materials are not prepared for any one by 
collation and comparison even to draw the outline. 
But it is farther true that, while China has been an isolated land in a 
very peculiar sense, it has also been brought into contact with wild 
, Tartar tribes by conquest, and with Indian monks through the introduc- 

tion of Buddhism, in such way as to influence the language. The 
knowledge of Mongol, Manchu, and Sanskrit is a neccessary one to the 
successful lexicographer. 

The greater part of what has been done in the way of aiding begin- 
ners in the study of Chinese has been done by missionaries. The very 
employments of these men lead them to undertake certain investiga- 
tions which may contribute to a final result, but their time is too much 
occupied with weighty duties to permit them to be so absorbed in their 
literary employments as to produce perfect works, either in grammar or 
lexicography. 





J. Moffat on Ancient Oriental History. 571 


It rests, therefore, with those who feel called in the Providence of 
God to literary pursuits, to press into the wide and unexplored fields 
which this venerable language, with its immense literature, presents to 
an earnest explorer. France has long gloried in men whose knowledge 
of Chinese has been both extensive and thorough; and now, year by 
year, her scholars are making valuable contributions to the general fund 
of human knowledge. 

The citizens of our Republic abroad are happy to see the commence- 
ment of a higher standard of literary attainment in our country. We 
are proud to mention the names of many of our countrymen who are 
known wherever there are scholars: we are proud to hear from men of 
other lands the respectful mention of not a few eminent for science and 
literature. We trust that this number may be continually swelled. The 
pursuit of wealth has drawn down to the merely material too many a 
soul capable of better things. Many an illustrious example has shown 
that even deep poverty is no bar to the pursuit of learning. It will be 
a happy day, when even worldly wisdom shall have charms enough to 
attract men away from all the pleasures of wealth or political honors. 

The new relations of China to the nations of the West seem to de- 
mand that something more should be undertaken, by those who are so 
extensively engaged both in missionary and mercantile operations with 
that land, to cultivate an acquaintance with the language and literature 
of China. The language must be attractive to the philologist and 
the grammarian, while the literature, though meager and feeble in com- 
parison with that of Europe, ancient end modern, is yet vast, and not 
devoid of many elements of attraction to one who loves to trace the 
workings of the human mind under differing conditions of development 
and progress. 

Shanghai, Aug. 28th, 1858. 





III. On THe NATURAL Limits OF ANCIENT ORIENTAL HISTORY. 


BY PROF. JAMES MOFFAT, D.D. 


Presented to the Society Oct. 27, 1859. 


The field of Ancient Oriental History has hitherto, so far as I know, 
been treated as if possessed of no natural boundaries in either time or 
place. Conventional limits have been assigned to it, merely because, 
for the convenience of both writer and reader, the Orient must be as- 
sumed to stop somewhere, and the ancient to stop somewhen. 

Contrary to this prevailing notion, I find an epoch of history most 
properly styled Ancient Oriental, which is by nature singularly cireum- 
scribed, both chronologically and ethnologically, as well as by the rela- 
tions and boundaries of its geography. . 

That epoch of civilization which flourished between the Deluge and 
the fifth century before Christ was both unique and harmonious in its 
style, and rounded and complete in its duration, passing through a 
natural maturity and decline. 
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The region in which it flourished has well defined natural boundaries : 
on the west, the great African desert, the Mediterranean, Aiyean, Hel- 
lespont, Propontis, and Bosphorus; on the north, the Black Sea, the 
range of the Caucasus, the Caspian Sea, and the deserts of Tartary; on 
the east, the Ala Tagh mountains, the Hindu Kush and Himalaya range, 
as far as the Sutlej, and thence, the sandy desert on the east of that 
river and of the Indus, to the sea; and on the south, the Arabian Sea, 
the gulf of Aden, and the southern borders of Abyssinia. It is also sym- 
metrical within itself, all its parts holding such relations as the parts of 
one body hold to that body and to one another. Its central element is a 
broad belt of highlands, running from north-west to south-east, beginning 
on the shores of the Aigean Sea, occupying in its breadth the whole 
peninsula of Asia Minor, and then of Armenia and Mesopotamia, and 
successively extending over Assyria, Persia, Cabul, and Gedrosia, until it 
terminates near the western bank of the Indus. On either side of this 
great belt of hill country lies a vast plain, bounded externally by the 
valley of a large and navigable river, and partly intersected by two inland 
seas. On the south-eastern side, the plain is that which comprehends the 
deserts of Arabia and the Nile valley, and the two seas which intersect it 
are the Red Sea and the Persian Gulf. The north-eastern plain is that 
which contains the deserts of Turkomania, and the seas which intersect 
it are the Caspian and Aral. 

Into each of these plains runs a great and fertilizing system of rivers, 
connecting it with the central highlands, On the south-west, that sys- 
tem consists of the Euphrates and Tigris, with their tributaries, running 
down from the highest group of mountains in the western highlands; on 
the north-east it is that of the Oxus and Jaxartes, with their tributaries, 
which gather their waters from the highest summits of the eastern high- 
lands. The features of the north-eastern plain face southward, and those 
of the south-western, in view of the same particulars, in the main, face 
northward. 

The whole region is thus at once symmetrical and varied, bound to- 
gether by great natural bands: it is one. 

Both on the east and on the west, its southern side rests upon the val- 
ley of a great river, which feeds a rich belt of arable land through a des- 
ert to the sea. On the east, the Indus—-on the west, the Nile, present a 
remarkable similarity in the nature of their course, their magnitude, the 
countries through which they flow, and the antiquity of human history 
connected with them. 

Thus limited by natural boundaries on every side, and symmetrical 
within itself, this happy region was also possessed of great diversity of 
paits. It comprehends every variety of climate belonging to the tem- 
perate zone, and, with the exception of some mountain tops, and of Ethi- 
opia and southern Arabia, is spared all the extremities which lie beyond 
that zone. 

It is this region which was the oldest historical abode of all three his- 
torical branches of mankind: ‘so far as history knows, it was their prim- 
itive home. Within its bounds they cultivated and ripened their first 
epoch of civilization, and saw its decline. That epoch began with the 
supremacy of the sons of Ham, and for more than fifteen hundred years 
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was under their control. It received a new impulse and loftier purpose 
from the great increase and energy of the sons of Shem, and frum the 
religious reformation effected by their means; and it was both finally 
united, and brought to its close, by the first great empire of the Japhetic 
race. The Hamitic nations, Egypt, Ethiopia, and Sidon, were the leaders 
of the epoch, who gave shape and general bearing to its character from 
beginning to end. In the latter part of their history they found reform- 
ers, rivals, and correctives, but not masters, in the Hebrews, Arabians, 
and Assyrians ; and the semi-barbarous Persians, in overrunning and sub- 
duing, contracted only the external gloss of the-refinement, which died in 
their grasp. . Though the Japhetic race first rose to dominion within that 
region, it was elsewhere that they were destined to unfold a civilization 
proper to themselves. 

In the history of that epoch are to be found all the varieties of civili- 
zation which have their birth in the material habitation of man. All 
that refinement which is consistent with migratory life is illustrated in 
the story of the Hebrew patriarchs; Egypt carried to the very last re- 
sults the genuine order of agricultural society ; and Sidon, with her col- 
onies, gave the earliest example of the more liberal culture which springs 
from commerce ; while every inferior degree of these styles was to be 
found scattered among the table lands, the valleys, and the seacoasts of 
that most diversified yet harmonious country. 

Moreover, when we consider its linguistic and ethnological relations— 
the fact that nations outside of its borders refer their origin to it—that 
physiologically they hold relations to those parts of it nearest to them— 
that its languages refer themselves to a common centre, and stand as the 
types of the linguistic systems beyond its bounds—that the language, for 
example, of its central highlands, has thrown out descendants to both 
east and west, which to this day recognize their affinity ; while that of its 
southwestern plain has as clearly perpetuated itself into Africa, as that of 
its northeastern plain opens out to the geographical conditions of the 
Turanian or sporadic groups of the north of Asia and Europe—it seems 
to me that the history of that region and epoch assumes not only a 
roundness and unity, but also a magnitude of importance, hardly equalled 
in any subsequent time. Its historical unity stands out the more promi- 
nently that its prosperity, though the first to flourish and the first to 
fade, has never yet been restored. 

To this epoch of civilization the Persians stood as the Romans to that 
of Hellenic growth. They gave one master to its whole domain. And 
as the decay of the Roman empire was to the Hellenic epoch, so was the 
decay of the Persian to the Oriental. 

But the final blow was given by the campaigns of Alexander. Though 
the head of a great civilized power, and destined to diffuse the civiliza- 
tion of which he was the champion, he came upon the last days of an- 
cient Orientalism as the Goth upon declining Rome. Though Hellenism 
did much good in the east, and was widely diffused, it never took root 
there. The dark ages of the Oriental world, so far as pertains to the 
original seat of its refinement, have seen no dawn; the learning of its 
antiquity no revival. 












574 


Miscellanies : 
From looking at the subject in the light thus briefly indicated, and it 
is not necessary to detain the Society with more, I am impressed with 
the conviction that Ancient Oriental history has yet to be written. The 
very conception of its unity—or of the fact that it has such intrinsic and 
proper unity—has not appeared in any work that I have seen. 

Princeton, N. J., Feb., 1859. 
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IV. ExtTRActs FROM CORRESPONDENCE. 


1. From a letter of Rev. Justin Perkins, D. D., of Ordmiah. 


Oroomiah, July 9th, 1857. 

....M. Jabd, the Russian Consul at Erzroom, showed our friend a 
manuscript Dictionary in French, Turkish, and Koordish, which he had 
prepared by the direction of his Government, and which is soon to be 
published at St. Petersburg. Also, a Grammar, Chrestomathy, and Dia- 
logues, in the same languages. The Koordish is that spoken in the 
region of Van and Bayazeed. You are aware that the dialects of 
Koordish are very numerous. The Rev. Samuel A. Rhea, our esteemed 
missionary in Koordistan, is paying some attention to the Hakkary 
Koordish, spoken in the region of his residence. .... 

We have sometimes speculated on the etymology of the name of our 


province, Oroomiah. It may be, I think, composed of 1S.31 ‘land,’ 
and 2396@3 ‘Rome; i.e., ‘land of the Romans, or belonging to Rome 


‘ 
under the Byzantine rule—the same in fact as Erzroom, except that the 
latter takes the Arabic prefix, instead of the Syriac. The Nestorians 
say that it means ‘land of water,’ i. e., ‘ well-watered district,’ from 


2X32 and Lass : this accords well with the actual state of the coun- 
try.... 








2. From a letter of Prof. C. J. Tornberg, of the University of Lund. 


Lund, Sweden, July 19th, 1857. 

... + You will perhaps be interested to learn that I am now preparing 
three new volumes (viii-x) of Ibn el-Athir, so that almost the half, and 
the more interesting half, of the great chronicle (the years 295-628 
of the Hejira) will be in the hands of the learned world. A stay at 
Paris during the past year has placed me in possession of materials, not 
only for this new portion, but also for the revision of the text already pub- 
lished. A Latin version will accompany the whole. I hope that a vol- 
ume may be ready to appear during the course of next year. © If life and 
health are granted me, it is my design to take up the first sections also of 
this important work. I regard this labor as one of the problems of my 
life. ... 
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3. From a letter of Raja Radhékanta Deva Bahddur, of Calcutta. 


Calcutta, August 21st, 1858. 

.. I avail myself of this opportunity to express my high sense of 
the importance of the objects of the Society, and my admiration for the 
zealous and indefatigable exertions of your learned men, in surmounting 
the difficulties incident to a young nation, which lie in the way of many 
interesting researches into the antiquities of the East. 

The Society, in conducting its investigations in the various and exten- 
sive subjects of its study, has justly made Egypt and India the choicest 
fields of its inquiry: the love of knowledge for its own sake is alone 
sufficient to excite a rational curiosity to examine the ancient monuments 
of Hindu learning, which have now formed an absorbing subject of study 
amongst the savants of Europe. 

The comprehensive language of ancient India, which has been demon- 
strated to be the primeval stock of more than two-thirds of the tongues 
of the civilized world, and the study of which has formed a new era in 
philology ; her inexhaustible literature, which supplies a rich fund of in- 
tellectual entertainment ; her profound and diversified philosophy, which 
displays at once the source and the fullest developments of the Dialectics 
of Aristotle, the Atomic theory of Democritus, the Stoical doctrine of 
Zeno, the Metempsychosis of Pythagoras, and the bold flights of Plato’s 
fancy ; her science, which contains all the wisdom of the ancients, and 
the germs of many modern discoveries ; her arts, fair specimens of which 
attract the traveller in the temples of Ellora and Adjunta; her varied 
forms of religion ; her extensive legislation, and her commerce with re- 
mote nations of antiquity—all form engrossing topics for the Society’s 
research, and although much light has been thrown on them by the en- 
thusiastic and persevering efforts of European scholars, yet much remains 
to be learned and examined: the surface of the mine has only been 
skimmed over, the profound depths yet lie unexplored: the youthful 
vigor and energies of your nation have been directed to these regions, 
and the labors of your scholars will ere long be rewarded with the richest 
treasures. Foremost amongst the results anticipated from such researches 
is the development of the science of Ethnography, which is now in its 
cradle. ; 

Independent of this general incitement for the study of the ancient 
learning of India, there is a stronger and special reason which renders it 
the duty and interest of every American to devote his attention to this 
subject, inasmuch as there is a strong probability of its supplying some 
of the lost links of the ancient history of the Western world. 4 

The ante-Columbian annals of America, to which the learned Charles 
Rafn and the venerable sage Alexander von Humboldt have directed the 
attention of the antiquarians, point to the colonization of the American 
coasts by the Scandinavians, who have been very cleverly identified by 
Todd with the ancient Kshatriyas; the Surya and Chandravansi Incas 
of Peru, their festival of Ramasitoa, and other Peruvian customs par- 
taking of a Hindu character, noticed by the Bishop of Llandaff, in a 
charge delivered by him to the Clergy and Archdeaconry at Ely; the 
Mexican temples of the sun and moon, with altars having triple fire-vases ; 





576 Miscellanies: Extracts from Correspondence. 


the lunar and planetary mansions, and other astronomical. divisions, 
represented on the astronomical wheel preserved in Mr. Bullock’s museum 
amongst the relics of the antiquities of Mexico; the descriptions of Mexi- 
can armilets, anklets, earrings, noserings, and other ornaments, resembling 
those worn by Hindu women; the Sanskritisms in the names of Ameri- 
can places and persons noticed by Moore in his Oriental Fragments—all 
indicate a mysterious relation between the ancient Hindus and the early 
colonization of America, and invite the attention of the Society to the 
solution of the question whether or not Aryavarta, which sent forth the 
Celts and Teutons to people Europe, also poured colonists into the New 
World long before its existence was heard of in Europe. 

I have the most sanguine expectations that the rays of knowledge 
derived from researches into the antiquities of your own country from an 
extensive acquaintance with Vaidic and Puranic legends, and from the 
Saga literature of Northern Europe, the Skaldic songs of Iceland, and the 
ancient annals of Greenland, which are being published under the aus- 
pices of the Société Royale des Antiquaires du Nord—when combined 
into one focus, will illumine the dark vistas of the primeval history of 
America, 

To the strict Benthamite, who would regard these advantages of the 
study of Sanskrit to be purely intellectual, and seek some practical utility 
to be derived from it, the Society can point out the present flourishing 
state of commerce between the United States of America and India, to 
carry on which it is indispensably necessary that your countrymen should 
be familiar with the language, manners, and customs of the people with 
whom they come into daily contact. But how are these to be mastered 
without some knowledge of Sanskrit, which is the source of almost all 
the dialects of India, and which is the repository of the laws and religions 
of the Hindus?... 

Wishing every success to the laudable undertakings of the Society, 

I have the honor to remain, Sir, 
Your obedient servant, 
RADHAKANT 
Raja Bahadoor. 





4. From a Letter of John Muir, Esq., D.C.L., of Edinburg (to F. £. 
Hall, £sq.). 

Edinburg, Nov. 24th, 1859. 
.... It was mentioned to me, some time ago, that perhaps MSS. of 
the Atharva-Veda might be still forthcoming in Kashmir. On this I 
wrote at once to Mr. D. F. McLeod, to get him to make inquiries. I 
heard nothing in reply till the other day, when he was here, and told me 
that he had written to Goolab Singh, who directed inquiry to be made, 

but could hear nothing of the Atharva-Veda. ... 
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I. Sevect Minutes orf MEETINGS OF THE SOCIETY. 


Tue regular Annual Meeting was held in Boston, at the rooms of the 
American Academy of Arts and Sciences, in the Boston Atheneum, on 
Wednesday, May 20th, 1857, Rev. Rufus Anderson, D. D., of Boston, in 
the chair. 

The Treasurer presented his account to be audited, accompanying it 
with the following summary statement of the receipts and expenditures 
of the year: 

RECEIPTS. 
Balance~in hands of Treasurer, May 14th, 1856, - = - - = $103.83 


Members’ fees: forty annual assessments for 1856-7, - $200.00 
six do. do. for previous years, 30.00 


Total receipts of the year, - - + - = - = 280.00 
$333.83 

EXPENDITURES. 
Journal, Vol. V, No. 2 Gs part), ae $270.00 


Other printing, - : 8.00 
Expenses of library and correspondence, ° 6.37 


Total expenditures of the year, "$279.37 
Balance in the Treasury, May 20th, 1857, = - 54.46 


$333.83 


The Librarian being absent, no report on the Library was offered. 

The Society next proceeded to the choice of officers for the ensuing 
year. A communication from Prof. Edward E. Salisbury of New Haven 
was read, declining a re-election as Corresponding Secretary. The fol- 
lowing ticket, proposed by a Nominating Committee, was elected without 
dissent : 


President—Prof. Epwarp Rostnson, D. D., LL. D., of New York. 
Prof. Cuartes Beck, Ph. D., “ Cambridge. 
Vice-Presidents 4 Rev. W1.t1aM Jenxs, D. D., Boston. 
Pres. T. D. Wooussy, D.D., LL.D., “ New Haven. 
Corresponding Secretary—Prof. W. D. Wuitney, New Haven. 
Secr. of Classical Section—Prof. Jamzs Hap ey, New Haven. 
Recording Secretary—Mr. Ezra Assor, Jr. Cambridge. 
Treasurer—Mr. Ezra Axsot, Jr., Cambridge. 
Librarian—Prof. W. D. Wurryey, New Haven. 
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Rev. Rurus Anpersovy, D. D., of Boston. 
Prof. C. C, Feuron, LL. D., “ Cambridge. 
Directors < Mr. W. W. Greenoven, “ Boston. 
Rev. THEoporE PARKER, “ Boston. 
Dr. Cuaries Pickerte, “ Boston. 


The Nominating Committee, being instructed to prepare an expression 
of the acknowledgments of the Society to Prof. Salisbury for his lon 
and valued services as Corresponding Secretary, presented the following 
resolutions, which were unanimously passed : 

Resolved, That the Society has received with deep regret a communi- 

- cation from Professor Edward E. Salisbury, of Yale College, announcing 
the necessity, by reason of his continued absence from the country, of his 
declining a re-election to the office of Corresponding Secretary : and that 
we should be doing violence to our feelings, if we suffered this occasion 
to pass without expressing to Professor Salisbury our great obligations to 
him for his able, faithful, and zealous performauce of the duties of this 
office during so many years; and, in general, for the most liberal and 
valuable contributions of time, labor, learning, literary ardor, and pecuni- 
ary aid, which he has made to the interests of the Society from its very 
inception. 

Resolved, That the Recording Secretary be requested to communicate 
the foregoing resolve to Prof. Salisbury, with the wish that his corres- 
pondence with the Society may be as full and frequent, during his absence, 
as his engagements will allow. 

On motion, a Committee of five was appointed, to take into consider- 
ation the means of increasing the efficiency of the Society, with instruc- 
tions to report at the next meeting. 

The following papers were presented and read : 

1. On Inverted Construction in the Modern Armenian Language, by 
Rev. Elias Riggs, Missionary in Turkey. 

2. Abstract of a Tamil Translation of a Portion of the Mahabharata, 
by Rev. Miron Winslow, Missionary in India. 

3. Illustrations of the Pangwe Language, spoken by a cannibal tribe 
in the highlands of Central Africa, by Rev. Albert Bushnell, Missionary 
in Africa. 





A Semi-annual Meeting of the Society was held in New Haven, on 
Wednesday, Oct. 28th, 1857. The President, Dr. Robinson of New 
York, occupied the chair. 

Brief verbal reports were made by the Treasurer and Librarian respect- 
ively upon the state of the finances and of the Library. Some of the 
latest accessions to the latter were laid before the meeting, among them 
the seventh volume of the late Baron von Hammer-Purgstall’s History of 
Arabic Literature, the last work of its distinguished and venerable author. 
In connection with the latter, was unanimously passed the following 
resolution : 

Resolved, That the Corresponding Secretary be directed to express to 
the family of the late Baron von Hammer-Purgstall the sympathy of the 
Society in their bereavement, and its painful sense of the loss which has 
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been sustained by the cause of Oriental learning in the decease of that 
eminent scholar. 

The Committee on the mode of increasing the efficiency of the Society 
made an elaborate report through the Corresponding Secretary. They 
discussed the ends at which such an association ought to aim, and the 
way in which those ends could be most directly and successfully attained. 
They pointed out the reasons, general and special, why the sphere of the 
Society’s highest and most useful activity must be the regular and liberal 
publication of valuable memoirs in its Journal. They exhibited the pres- 
ent resources of the Society, rehearsed its operations and modes of action, 
and showed wherein these were deficient and needed to be improved and 
extended. They made a comparative statement of the resources and ac- 
tivity of other Societies of kindred objects, especially in Europe, and 
claimed that, to maintain a satisfactory position with reference to them, 
the Society ought to enjoy an income of $1000 or more, and to publish 
an annual volume of four to five hundred pages: that this was due both 
to the contributing members and to the cause of science. They proposed 
a plan of action to this end, based especially upon a large increase of cor- 
porate membership, and recommended the appointment of a Committee 
charged with its execution. 

The report was accepted, its suggestions formally adopted, and the 
proposed Committee appointed. It was farther voted: 

That the initiation-fee of five dollars be no longer required of members 
newly elected, and that such members have the privilege of taking a copy 
of the previously published volumes of the Journal, if they desire them, 
at one half the original price. 

That the Directors may, at their discretion, and in view of the circum- 
stances of each case, transfer to the list of Corresponding Members per- 
sons elected as Corporate Members, but who may have since permanently 
left this country, and to the list of Corporate Members persons chosen as 
Corresponding Members, but who may have since transferred their resi- 
dence to this country. 

After the transaction of other business, the following communications 
were offered : 

1. On the Harmonic Consecution of Vowels in Turkish, by Rev. Elias 
Riggs, Missionary in Turkey. 

2. On the Praticékhyas, or Vedic phonetic and grammatical treatises, 
by Prof. W. D. Whitney, of New Haven. 

3. On the Hebrew Chronology, from Moses to Solomon, by Prof. James 
Hadley, of New Haven. 

4. Analysis of the Chinese Terms and Characters Zien and Shin, by 
Dr. M. C. White, of New Haven. 

5. On the Historical Geography, and the Geographical Position and 
Relations, of India, by Prof. W. D. Whitney, of New Haven. 

6. Analysis and Extracts of an Arabic Work on the Water-Balance, of 
the Twelfth Century, by the Chevalier N. Khanikoff, Russian Consul- 
+ ag at Tabriz, Persia; presented by Prof. E. E. Salisbury, of New 

aven. 
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The Annual Meeting of the Society took place in Boston, on Wednes- 
day, May 19th, 1858. Dr. Charles Pickering, in the absence of the 
President, occupied the chair. 

The Treasurer’s account was presented, audited, and accepted. The 
receipts and expenditures of the year were stated to be as follows: 











RECEIPTS, 
Balance in hands of Treasurer, May 20th,1857, - - - - - $54.46 
Members’ fees: one life-membership, - - = = $15.00 
sixty-one ann. assessm’ts for 1857-8, - 805.00 
eight do. do. for previous years, 40.00 
five do. do. for 1858-9, - 25.00 
three initiation fees, 2 A he | er 
—— 460.00 
Sale of Journal: to new members, at halfipetes, : - 88.75 
by agents,- - - + 46.54 
——— 80,29 
Donation, - - - - - . - - - - 5.00 
_ Total receipts of the year, ms apes ot Sie 545.29 
$599.75 
EXPENDITURES. 
Journal, Vol. V, No. 2 (balance remaining wapaid), -  -* = + $105.00 
Printing of Statement and Appeal, and blanks, - - ks 32.85 
Postage and freight (in part since 1856), - 5 2+ 2 2+ = 42,08 
Loss on uncurrent money, - sili an elles tin atl, ai tins alba, 10 
Total expenditures of the year, - 25 © = = $180.58 
Balance in the Treasury, May 19th,1858, - - + - + = 419.17 
$599.75 


The Librarian reported that there had been added to the Library, since 
the last report, one hundred and sixty-five new titles, besides about fifty 
continuations and duplicates. The whole number of titles was now 1544, 
and of volumes not far from 2000. All the contents of the Library had 
been numbered and labelled, and provided with a complete card-catalogue. 

The election of officers for the ensuing year resulted in the choice of 
the following ticket : 


President—Prof. Eowarp Rosrnson, D. D., L.L. D., of New York. 
Prof. Cuar.es Beck, Ph.D., “ Cambridge. 

Vice-Presidents { Rev. Witu1am Jenus, D. D., “ Boston. 
Pres. T. D. Wootsey, D.D., L.L.D., “ New Haven. 

Corresponding Secretary—Prof. W. D. Wairney, “ New Haven. 


Secr. of Classical Sectton—Prof. James Havtey, “ New Haven. 
Recording Secretary—Mr. Ezra Axszot, Jr., “ Cambridge. 
Treasurer—Mr. Dantet C. Grima, “ New Haven. 
Librarian—Prof. W. D. Wurryey, “ New Haven. 
Rev. Rurus Anversoy, D. D., “ Boston. 
Prof. C. C. Fstron, L.L. D., “ Cambridge. 
Directors < Rev. THropore Parker, “ Boston. 
Dr. CHartes PickERING, “ Boston. 


Prof. E. E. Saissury, “ New Haven. 
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The Board of Directors communicated the following rule : 

The Committee of Publication shall consist of five members, of whom 
three shall be resident at the place where the Journal is published: they 
shall be appointed by the Directors, and shall report to the Society at 
every meeting respecting the matters committed to their charge. 

After the transaction of other business and the reading of correspond- 
ence, communications were brought before the meeting. 

1. Mr. Charles Folsom, of Cambridge, exhibited to the Society a frag- 
ment of an American inscription, of colony times, for the purpose of 
obtaining the opinion of the members present with respect to a restora- 
tion proposed by him of the missing portion. 

2. A paper entitled “ Petra in 1851,” by Hon. George P. Marsh, of 
Burlington, Vt., was read by the Corresponding Secretary. 

8. On the Greek Genitive as an Ablative Case, by Prof. James Hadley, — 
of New Haven; read, in the absence of the author, by Mr. Abbot, of 
Cambridge. 

4, On the Egyptian Monuments of El-Amarna, by Dr, Charles Pick- 
ering, of Boston. 

5. Translation of the Strya-Siddhanta, a Sanskrit Text-Book of 
Astronomy, with Preliminary Remarks, and Notes, by Rev. Ebenezer 
Burgess, of Centreville, Mass. 

6. On the History of Religions in China, by Prof. W. D. Whitney, of 
New Haven. 

7. On the Persian Doctrine of a Future Life, by Rev. W. R. Alger, of 
Boston. 





A Semi-annual Meeting was held in New York, at the rooms of the 
American Board of Commissioners for Foreign Missions, and of the Uni- 
versity of the City of New York, on Wednesday and Thursday, Nov. 3rd 
and 4th, 1858. The President was in the chair. 

The Directors congratulated the Society on the gratifying success of 
the measures initiated at a previous meeting for increasing its numbers, 
strength, and efficiency. 

The Librarian made a brief verbal report respecting the accessions to 
the Library and Cabinet. He also announced that he was authorized to 
give notice to members of the Society that, upon making application 
through him, they would be allowed copies of the Collection des Ouv- 
rages Orientaux, published by the Asiatic Society of Paris, at the reduced 
price at which it is furnished to members of the latter society, namely at 
five francs per volume. Of that collection there have now been published 
four volumes, each of about five hundred octavo pages, containing the 
Travels of Ibn Batata complete, in the Arabic text and with a French 
translation. 

The correspondence of the past half-year was laid before the meeting, 
and extracts from it were read. The Society then proceeded to listen to 
communications. 

1. On a Recent Work by Prof. Ross, of Halle, entitled “ Italicans and 
Greeks. Did the Romans talk Sanskrit or Greek ?”, by Prof. James 
Hadley, of New Haven. 
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2. An Inquiry respecting the Meaning of zohar, in Genesis vi. 16, by 
Rev. J. A. Merrick, of Paris, Ky.; presented by Prof. J. W. Gibbs, of 
New Haven. 

3. On Greek Metre, by Prof. Howard Crosby, of New York. 

4. On the Vedic Doctrine of a Future Life, by Prof. W. D. Whitney, 
of New Haven. 

5. On the Prepositions, Conjunctions, and other Particles of the Isizulu 
and its Cognate Languages, by Rev. Lewis Grout, Missionary in South 
Africa; presented by Prof. E. E. Salisbury, of New Haven. 

6. On an Ancient Greek Inscription, found at the site of Daphne, near 
Antioch, and copied by Rev. Homer B. Morgan, Missionary at Antioch ; 
by Pres’t T. D. Woolsey and Prof. J. W. Gibbs, of New Haven. 

7. On the Relations of the Hebrew to the Indo-European Tongues, by 
Prof. W. H. Green, of Princeton. 

8. On the Origin of Language, by Prof. Whitney. 

9. On the Present Condition of the Hindi Mind, and the Manner in 
which it is affected by the Hindi Philosophy, by Rev. H. M. Scudder, 
Missionary in India. 

10. On the Demonology of the New Testament, by Prof. J. J. Owen, 
of New York. 





The regular Annual Meeting for 1859 was held in Boston and Cam- 
bridge, on Wednesday, May 18th. The President was in the chair. 
The Treasurer’s yearly statement was as follows : 











RECEIPTS. 
Balance in the Treasury, May 19th,1858, - - - - - + $419.17 
Members’ fees: two life-memberships, - - - - $150.00 
eighty-nine ann. assessm’ts for 1858-9, 445.00 
fifteen do. do. for previous years, 75.00 
three do. do. for 1859-60, 15.00 
685.00 
Sale of Journal, - - - - - - - - - - 77.56 
Interest on deposit in Savings Bank, - - - + + = 16.07 
Total receipts of the year, - - - - - - - 18.68 
$1197.80 
EXPENDITURES. 
Journal, Vol. VI, No. 1 (in pest. ee ae. a Re ee a 
Printing of Proceedings and blanks, - - - - - - - 30.75 
Expenses of correspondence and library, - - - - - = - 32.81 
Total expenditures of the year, - - - - - + $452.76 
Balance in the Treasury, May 18th, 1859, ~ - - . . 145.04 
$1197.80 


The Librarian reported the accessions to the Library during the year, 
and its present condition. 

The number of new works added to the Library during the year was 
stated to be one hundred and twenty-eight, besides about thirty continu- 
ations and duplicates, and twelve manuscripts. The Librarian called the 
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particular attention of the Society to the liberal gifts of books made to 
the Library during. the past two or three years by Messrs. Williams and 
Norgate, oriental and general booksellers in London ; and also to a very 
large, costly, and valuable donation of books, manuscripts, and other ob- 
jects of interest, by Hon. Charles W. Bradley, Commissioner under the 
late treaty with China, who has been for a long time one of the most gen- 
erous a mga to the Society’s collections. A special vote of thanks 
to Mr. Bradley was moved and unanimously passed. 

An amendment to the Constitution, increasing the number of Directors 
from five to seven, and the number required to form a quorum of the 
Directors from three to five, was proposed and adopted. 

The Society then proceeded to the election of officers for the ensuing 
year, and the following ticket, proposed by a Nominating Committee of 
three, was elected : 

President—Prof. Epwarp Rosinson, D.D., LL.D., of New York. 
Prof. Caarites Becx, Ph. D., “ Cambridge. 

Vice- Presidents | Re. Wiuam Jens, D.D., “ Boston. 
Pres. T. D. Woousry, D.D., LL.D., “ New Haven. 

Corresponding Secretary—Prof. W. D. Wuitrzy, ‘“ New Haven. 


Secr. of Classical Section—Prof. James Haptey, “ New Haven. 
Recording Secretary—Mr. Ezra Assort, Jr., “ Cambridge. 
Treasurer—Mr. D. C. Gitmay, “ New Haven. 
Librarian—Prof. W. D. Wurrney, “ New Haven. 
Rev. Rurus Anperson, D.D., “ Boston. 
Prof. Howarp Crossy, “ New York. 
Prof. C. C. Fetron, LL. D., “ Cambridge. 
Directors « Prof. W. H. Green, D.D., “ Princeton. 
Rev. THeopore Parker, “ Boston. 
Dr. Cuarizes Pickerine, “ Boston. 
Prof. E. E. Sauispury, “ New Haven. 


After the transaction of other business, and the reading of corres- 
pondence, communications were called for. The following were presented 
and read : 

1. On Dr. S. W. Williams’s New Chinese Dictionary, by Rev. W. A. 
Macy, Missionary in China; presented by Prof. James Hadley, of New 
Haven. 

2. On the English Words tortoise and turtle, by Mr. Charles Folsom, 
of Cambridge. 

8. On the Kings and Kingdom of Siam, by Hon. C. W. Bradley, of 
Ningpo; presented by Prof. W. D. Whitney, of New Haven. 

4, On the Greek Inscription from Daphne, by Prof. Hadley. 

5. On the Ethnological Relations of the Ancient Scythians, by Dr. 
Reinhold Solger, of Roxbury, Mass. 

6. Remarks upon the Interpretation of Genesis ii. 25, by Rev. E. C. 
Jones, of Philadelphia; presented by Mr. Ezra Abbot, Jr., of Cam- 
bridge. 

7. On the Origin of the Hindu Science of Astronomy, by Prof. 
Whitney. 

8. On the Relation between the Greek and Hindu Astronomies, by 
Rev. Ebenezer Burgess, of Centreville, Mass. . 
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During the continuance of the meeting, announcement was made to 
the Society of the death of one of its Honorary Members, Alexander 
von Humboldt, of which event tidings had just been received by tele- 
graph. Before adjournment, the following resolutions were as og by 
Prof. C. C. Felton, seconded. by Dr. Beck, and, after remarks by these 
gentlemen and others present, unanimously passed : 

Resolved, That this Society has learned with the deepest regret of the 
death of the illustrious and venerable Baron Alexander von Humboldt, 
one of the most conspicuous ornaments of the age, and of human 
nature. 

Resolved, That they recognize in the character and worth of this great 
man a splendid example of genius devoted with unsurpassed energy, per- 
severance, and enthusiasm to the entire circle of human knowledge, from 
early youth to the last hours of a life extended to the extraordinary 
length of fourscore and ten years; and that the example he set of a noble 
consecration to high pursuits in the midst of the allurements of rank, 
wealth, and society, presents an additional claim to the admiration and 
reverence of present and future generations. 





The Semi-annual Meeting of the Society for 1859 was held in New 
York, on Wednesday and Thursday, Oct. 26th and 27th, at the Council- 
room of the University of the City of New York. The President was 
present and occupied the chair. 

After the transaction of the usual business, and the reading of extracts 
from correspondence, the Society listened to and discussed the following 
communications : 

1. On the Influence of the Semitic upon the Romanic Languages, by 
Dr. Max Griinbaum, of New York. 

2. On Two Sanskrit Inscriptions, found near Jubulpoor, in Central In- 
dia, by Fitz-Edward Hall, one of her Britannic Majesty’s Inspectors of 
Schools for India: 

3. On the Phenician Inscription of Sidon, by Prof. W. W. Turner, of 
Washington. 

4. Comparison of the Elements of the Lunar Eclipse of Feb. 6th, 
1860, as calculated according to the data and methods of the Strya- 
Siddhanta, and as determined by Modern Science, by Prof. W. D. Whit- 
ney, of New Haven. 

5. Strictures on the Occurrence of the Word Jsrae/ in a passage of 
Eusebius, by Rev. E. C. Jones, of Philadelphia ; presented by Prof. James 
Hadley, of New Haven. 

6. Contributions, from Original Sources, to our Knowledge of the 
Science of Muslim Tradition, by Prof. E. E. Salisbury, of New Haven. 

7. On Biblical Geography, by Prof. Edward Robinson, of New York. 

8. On the Formation of Futures in the Indo-European Languages, by 
Prof. Hadley. 

' 9. On the Letters of Basil of Cesarea, and the Condition of the Ori- 
ental Church in the Fourth Century, by Prof. John Proudfit, of New 
Brunswick, N. J. 
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10. On an Unpublished Greek Inscription, discovered in Pisidia, by 
Mr. F. P. Brewer, of New Haven. 

11. On the Limits of Ancient Oriental History, by Prof. J. C. Moffat, 
of Princeton, N.J. 

12. On the Physical Geography of Asia, as connected with its Ethnol- 
ogy, by Prof. Arnold Guyot, of Princeton, N. J. 

13. On Recent Geographical Explorations in Asia, by Mr. D. C. Gil- 
man, of New Haven. 

14. Rev. D. T. Stoddard’s Collections illustrating the Modern Jews’ 
Language of Ortimiah, arranged by Dr. A. H. Wright, of Ordmiah ; 
presented by Prof. Turner. 

15. Strictures upon the Views of M. Ernest Renan respecting the 
Origin and Early History of Languages, by Prof. Whitney, 





The regular Annual Meeting for the year 1860 was held in Boston 
and Cambridge, on Wednesday and Thursday, May 16th and 17th, 
1860, the President being in the chair, 

The Treasurer’s statement showed the receipts and expenditures of the 
past year to have been as follows : 

















RECEIPTS, 
Balance in the Treasury, May 18th, 1859, - - - - - - $745.04 
Members’ fees: 101 ann. assessm’ts for 1859-60, . $505.00 
20 do. do. for previous years, - 100.90 
605.00 
Sale of Journal, - - - - - - - . - - 26.23 
Total receipts pf the year, - - - + + + = 681,98 
$1376.27 
EXPENDITURES. 
Paper, printing, and engraving, for Journal, Vol. VI (in part), - - $690.91 
Other printing, - _ al ee ae - 80.76 
Binding books, - Ot BN, pl EON gl IRM Os 27 40.46 
Copying of a Modern Syriac Vocabulary, - Re ie Seabee ee 20.00 
Expenses of correspondence and Library, - - - + + =& 43.57 
Total expenditures of the year, - - + - + $855.69 
Balance in the Treasury, May 16th, 1860, - : : - : - 520.58 
$1376.27 


The Librarian reported the accessions to the Society’s collections du- 
ring the year. The whole number of titles composing the cataiogue was 
now 1726. Donations from the Imperial Academy of St. Petersburg, 
Dr. Wilson of Philadelphia, B. H. Hodgson, Esq., of England, Rajen- 
dralala Mitra of Calcutta, and others, were especially noticed. The most 
valuable accessions to the Cabinet had been the three Sanskrit inscription- 
stones, from India, presented by F. E. Hall, Esq.: such monuments being 
exceedingly rare out of India itself. For the first time in its history, the 
Society had been able to expend something in binding, to the great im- 
provement of the Library, in appearance and usefulness. 

VOL. VI. 75 














| 
| 
| 





586 American Oriental Society : 


The following gentlemen were elected officers of the Society for the 
ensuing year: 


President—Prof. Eowarpv Rosrnson, D. D., LL. D., of New York. 
Prof. Cuar.es Beck, Ph. D., “ Cambridge. 

Vice-Presidents 4 Rev. Wiiu1am Jenks, D. D., “ Boston. 
Pres. T. D. Woousry, D.D., LL.D., “ New Haven. 

Corresponding Secretary—Prof. W. D. Wurrnzy, “ New Haven. 


Secr. of Classical Section—Prof. James Hap tery, “ New Haven. 
Recording Secretary—Mr. Ezra Axsort, Jr., “ Cambridge. 
Treasurer—Mr. D. C. Gruman, “ New Haven. 
Librarian—Prof. W. D. Wutrney, “ New Llaven. 
Rev. Rurus Anpersoy, D. D., “ Boston. 
Mr. J. G. Coasweut, LL. D. “ New York. 
Pres. C. C. Fetron, LL. D., “ Cambridge. 
Directors < Prof. W. 1. Green, D. D., ® Princeton. 
Prof. J. J. Owen, D. D., “ New York. 
Dr. Cuarves PickERING, “ Boston. 
Prof. E. E. Sauissury, ‘“ New Haven. 


The Correspondence of the past six months was laid before the Soci- 
ety, and parts of it were read. 

The following resolutions were proposed by Prof. E. E. Salisbury of 
New Haven: 

Resolved, That in the death of Prof. William W. Turner, late of 
Washington City, this Society recognizes the loss of an earnest, diligent, 
accurate, and most successful scholar in the field of Oriental learning, 
whose varied attainments and fine qualities of mind rendered him an 
ornament to this association, and promised, with the increase of Jleis- 
ure for literary pursuits, to make his name more and more distin- 
guished throughout the learned world. 

Resolved, That acopy of these resolutions be transmitted to the family 
of our deceased associate by the Recording Secretary. 

These resolutions were seconded by Prof. Beck: the President, Dr. 
Robinson, gave the Society a sketch of the life of Prof. Turner, and an 
estimate of his personal and literary character, and, after remarks from 
other members present, the resolutions were unanimously passed. 

The Society then proceeded to listen to communications. 

1. On the Character and Historical Position of the Sanskrit Alphabet, 
by Prof. W. D. Whitney, of New Haven. 

2. On the Negrilloes, or Oriental Negroes, by Rev. J. T. Dickinson, 
of Middlefield, Conn. 

3. Comparative Sketch of the Languages of Ponape and Ebon, two 
Islands of the Micronesian Archipelago, by Rev. E. T. Doane, Mission- 
ary in Micronesia; presented by Prof. Whitney. 

4. Notes on Polynesia, its People and Languages, by Dr. Joseph 
Wilson, U. S. N.; presented by Prof. Salisbury. 7 

5. On the Turkish Language and Literature, by Prof. Convers Francis, 
of Cambridge. 

6. Diary of a Journey from Tabriz to Tehran, by Rev. Justin Perkins, 
Missionary in Persia. 
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7. On the Twenty-eight-fold Division of the Zodiac made by the Arabs, 
Chinese, Iindtis, and Persians, by Prof. Whitney. 

8. Three Sanskrit Inscriptions, relating to Grants of Land ; the Orig- 
inal Texts, Translations, and Notes, by Fitz-Edward Hall, M. A., one of 
her Majesty’s Inspectors of Schools for India ; presented by Prof. Whitney. 

9. On the Arya-Siddhanta, by the same; presented by the same. 

10. Memoir on the the Language of the Gypsies and its Relation to the 
Sanskrit, together with Remarks upon the Present Condition, the Ilistory, 
and the Origin of this Race, and a Grammar of the Language, as now used 
in the Turkish Empire; by A. G. Paspati, A. M., M. D., of Constantinople; 
presented by Mr. D. C. Gilman, of New Haven. 

11. A Latin Inscription, found on the supposed site of Lystra, in 
Phrygia, by Mr. F. P. Brewer, of New Haven. 

12. On the lately discovered Orations of Hyperides, especially that 
against Demosthenes, in the matter of Harpalus, by Pres. C. C. Felton, 
of Cambridge. 

13. On the Philosophy of Language, as illustrated by the Instruction 
of the Blind Mute, Laura Bridgman, by the same. 


The next meeting of the Society is to be held in New Haven, on 
Wednesday, Oct. 17th, 1860. 
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II. AppITIONS TO THE LIBRARY AND CABINET. 


Octoser, 1856—May, 1860. 


From Reo. J. C. Adamson, D. D. 
The Library of His Excellency Sir George Grey, K.C. B. Philology. Vol. I— 
Part 1. South Africa... by Wm. H. I. Bleek. 8.1. 1858. 8vo. 
A Compendium of Kafir Laws and Customs, including genealogical tables of Kafir 
chiefs and various tribal census returns, ... Mount Coke: 1858, 8vo. 


From Rev, W. R. Alger, of Boston. 
The Poetry of the East. By William Rounseville Alger. Boston: 1856. 12mo, 


From Rev, D. 0. Allen, D. D., of Wenham, Mass. 


India, Ancient and Modern, Geographical, Historical, Political, Social, and Relig- 
ious ;... by David O. Allen, D. D., ete. Boston: 1856. roy. 8vo. 


From the American Academy of Arts and Sciences, 


Proceedings of the American Academy of Arts and Sciences. Vols. i-iv [parts of 
volumes, completing the set up to iv. 148]. Cambridge and Boston: 1855-59. 
8vo. 

Memoirs of the American Academy of Arts and Sciences. v.2; vi.1,2; vii. 
Cambridge und Boston: 1855-60, 4to. 


From the American Antiquarian Society. 
Transactions and Collections of the American Antiquarian Society. Vol. i, Wor- 
cester: 1820; vol. ii, Cambridge: 1836 ; vol. iii, [| Boston :] 1857. 8vo. 
Proceedings of the American Antiquarian Society [at its various meetings, in 
Worcester and Boston, 1856-59]. Boston: 1856-59. 8vo. 


From the American Baptist Missionary Union. 


Annual Reports of the American Baptist Missionary Union, for the years 1850-57. 
Boston. 8vo. 


From the American Board of Commissioners for Foreign Missions, 


Reports and Letters, connected with .... [the Deputation to India of the A. B.C. 
F. M.]. Bombay, Madras, Calcutta, and Boston: 1855-56. 8vo. 

Proceedings of a General Conference of Bengal Protestant Missionagies, held at 
Calcutta, September 4-7, 1855. Calcutta: 1855. 8vo. 

Standard Alphabet... . by Dr. Lepsius. ... London: 1855. 8vo. 

Wanderings of Yamundbai, or Narratives of Hindu Widow Life in India. By Baba 
Padmanji. With a Preliminary Essay on the Remarriage of Hindu Widows, in 
Sanskrit, by Dadob&é Pandurang, Esq., etc. Bombay: 1857. 12mo, 

A Zulu-Kafir Dictionary, etymologically explained, with Copious Illustrations and 
Examples, preceded by an Introduction on the Zulu-Kafir Language. By the Rev. 
J. L. Déhne, Missionary to the A. B. C. F.M. Cape Towa: 1857. roy. 8vo, 

49th Report of the A. B. C. F. M.,1858. Boston: 1858. 8vo. 


From the American Geographical and Statistical Society. 


Bulletin of the American Geographical and Statistical Society. Vol. ii, 1856. 
New York: 1857. 8vo. 
Statement, Circular, and Sections of the same. New York: 1856-57. 8vo. 
Report .... on the Extension of the Decimal System to Weights and Measures of 
e United States. New York: 1857. 8vo. pp. 22. 


From Mahérdja Apirva Krshna Bahddur, of Calcutta. 
Dewan Kuwar. [Hindustani.] 4to. 
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. From the Asiatic Society of Bengal. 

Journal of the Asiatic Society of Bengal. Nos. lxiv-lxvi, lxix-lxxvi. Calcutta: 
1854-55. 8vo. 

Bibliotheca Indica, No. 78. The Chhandogya-Upanishad of the Sima-Veda, with 
Extracts from the Commentary of S/afkara A’chérya. Translated from the 
Original Sanskrita by Réjendralal Mittra. Fasciculus 1. Calcutta: 1854. 8vo. 

No. 79. The Sarya-Siddhanta, with its Commentary, the Gadbértha-Prakds’aka. 
Edited by Fitz-Edward Hall, A. M., with the assistance of Pandit Bapé Deva 
S’4stri. Fasciculus 1 Calcutta: 1854. 8vo. 


From the Asiatic Society of Paris. 
Journal Asiatique.... 5me Série. Tomes viii-xii. Paris: 1856-58, 8vo. 


From the Editors of the Atlantis. 


The Atlantis, a Register of Literature and Science, conducted hy Members of the 
Catholic University of Ireland. Nos. ii, iii, iv. London: 1858-59. 8vo. 


From M. 0 Abbé Barges, of Paris. 


Mémoire sur le Sarcophage et I’Inscription Funéraire d’Eschmunazar, Roi de Sidon. 
Par M. l’Abbé J. J. L. Bargés, ete. Paris: 1856. 4to. pp. 40. 


From the Batavian Society of Arts and Sciences, 


Verhandelingen van het Bataviaasch Genootschap van Kunsten en Wetenschappen. 
Deel xxvi. Batavia: 1854-57. 4to. 

Tijdschrift voor Indische Taal-, Land-, en Volkenkunde. .. . Deel iii-vi [or Deel iii, 
and Nieuwe Serie, Deel i-iii.] Batavia: 1854-57. 8vo. 


From Dr. W. H. J. Bieek. 


The Languages of Mozambique. Vocabularies of the Dialects of Lourenzo Mar- 
ques, Inhambane,.... etc. Drawn up from the Manuscripts of Dr. William 
Peters, and from other materials, by Dr. William H. J. Bleek, etc. London: 
1856. obl. 8vo. 


From the Board of Foreign Missions of the Presbyterian Church. 


Annual Reports of the Board of Foreign Missions of the Presbyterian Church, 
for the years 1850-57. New York. 8vo. 

From the Board of Missions of the Protestant Episcopal Church. 

Proceedings of the Board of Missions of the Protestant Episcopal Church in the 
United States of America, for the years 1850, 1856, and 1857. New York. 8vo. 

A Grammar of the Benga Language. By Rev. James L. Mackey. New York: 
1855. 12mo. pp. 60. 

The Benga Primer, containing Lessons for Beginners, 4 Series of Phrases, and a 
Catechism. New London, Pa.: 1855. 18mo. pp. 64. 

Sango Iam .... [Matthew, in Benga]. New York: 1858. 12mo. 

The Shorter Catechism, in the Benga Language. New York: 1858. 18mo. pp. 82. 

Conte to Jesus. [Tract in the Creek Language. ] 

From Prof. Otto Boehtlingk, of St. Petersburg. 

Ueber die Sprache der Jakuten. Grammatik, Text, und Worterbuch. Von Otto 
Boehtlingk. St. Petersburg: 1851. 4to. 

From Professors Boehtlin§k and Roth. 

Sanskrit Wérterbuch, herausgegeben von der Kaiserlichen Akademie der Wissen- 
schaften. Bearbeitet von Otto Boehtlingk und Rudolph Roth. Lieferungen 4-16. 
St. Petersburg: 1855-59. 4to. 

From the Bombay Mission of the A. B. C. F. M. 

The Old Testament in the Marathi Language. ... Bombay: 1853. 4to. pp. 942. 

Grammar of the Marathi Language [by Rev. Ebenezer Burgess]. Published by 
the American Mission. Bombay: 1854. 8vo. 

The Dnyanodaya [a semi-monthly Journal, in Marathi]. Published by the American 
Missionaries at Bombay and Ahmednuggur. Vol. xii, Bombay: 1853. roy. Svo. 
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From Hon. C. W. Bradley, of Ningpo. 


Explorations of Amoor River. Letter from the Secretary of State .... [contain- 
ing letters and reports of P. McD. Collins, with Maps.} Public Document. 
Washington : 1858. 8vo. pp. 67. 

A set of twelve pictures, in water colors, by a Chinese artist, illustrating scenes of 
Chinese life : twelve by fifteen inches, on silk-bordered paper, and bound together 
in scarlet silk. 

A set of three pictures, in water colors, by a Chinese artist, illustrating scenes 
which occurred in 1858, on the Pei-Ho river, in connection with the warlike ope- 
rations of the English and French, and the conclusion of the treaty with Ameri- 
ca. Pictures about twelve and a half by twenty-five inches, on thin paper. 

Cards of the two Chinese Commissioners, Kweiliang and Hwashana, sent to treat 
with the Allied Powers, in the Pei-Ho, 1858. 

Chinese Repository. xv. 11,12; xvi.2; xvii. 12; xviii. 4-10, 12,6; xix. 1, 3, 4, 
8-12,11; xx. 2, 3, 5-7, 7, 8-12. 

A Grammar of the T,hai, or Siamese Language. By Capt. James Low, etc. Cal- 
cutta: 1828. 4to. pp. 88. 

On Budd,ha and the Phrabat. By Capt. James Low, etc. [From the Trans, of the 
Roy. As. Soc’y of G. B. and I, vol. iii.] London: 1831. 4to. pp. 62. 

Also, bound with the above: 
A Dissertation on White Elephants, By the same. [From the same.] London: 
1831. 4to. pp. 7. 

Remarks on the Siamese Language. By Rev. Mr. Gutzlaff. [Communicated through 
the late Robert Fullerton, Esq., ete} [From the Trans. of the Roy. As. Soc’y of 
G. B. and I, vol. iii]. London: 1832. 4to. pp. 16 (and 3 of Siamese, litho- 

raphed). 
With the above are bound up a MS. sermon, on Ezekiel xxxiii. 11, and a half- 
sheet of the Morning Chronicle, London, Apr. 5, 1837. 

Brief Grammatical Notices of the Siamese Language ; with an Appendix. By J. 

Taylor Jones, Bangkok: 1842. 8vo. pp. 90. With the above are bound up: 
A Catalogue of Scripture Proper Names, as transferred from the Greek and He- 
brew Languages into the Siamese Language. Bangkok: 1842. 8vo. pp.71. And 
A Plan for Romanizing the Siamese Language ; together with a list of Siamese 
Proper Names, in conformity therewith, as agreed upon by the American Mis- 
sionaries in Siam, Bangkok: 1842. 8vo. pp. 24. 2 copies. 

Treaty between the United States of America and the Kingdom of Siam. Con- 
cluded 29th May, 1856. Proclaimed 16th August, 1858. Washington: folio. 


. 9. 

Pectenetion of the Kings of Siam respecting the Treaty with the United States 
of America; in English. Dated Bangkok, June 15th, 1857. Copy, made and 
attested by Hon. C. W. Bradley. 

Autograph Letter of the First King of Siam, to Samuel Mattoon, Esq., Consul, in 
English; dated Bangkok, June 9th, 1857. 

Dictionary of the Malay Tongue, as spoken in the Peninsula of Malacca, the Islands 
of Sumatra, Java, Borneo, Pulo Pinang, &c., dc. In two parts, English and Ma- 
lay, and Malav and English. To which is prefixed a Grammar of that Lan- 

age. Embellished with a Map. By James Harrison, M. D., etc. [the Malay in 
both Arabic and Roman characters.] London: 1801. 4to. 

A Grammar of the Malayan Language, with an Introduction and Praxis. By Wm. 
Marsden, F.R.S., etc. London :,1812. 4to. 

An Attempt to elucidate the Principles of Malayan Orthography. By W. Robinson. 
Fort Marlborough: 1823. 8vo. 

Grammaire de la Langue Malaie, par Mr. W. Marsden: publiée 4 Londres en 1812, 
et traduite de )’Anglais par C. P. J. Elout. [Double version, French and Dutch 
on opposite pages | Harlem: 1824. 4to. 

Dictionnaire Malai, Hollandais, et Francais, par C. P. J. Elout; traduit du Diction- 
naire Malai et Anglais de Mr. W. Marsden. [Double version, French and Dutch; 
the Malay in the Arabic character and romanized: the Dutch version of each 
word or phrase first given, and followed by the French: the Dutch-Malay and 
French-Malay parts given separately.] Harlem: 1825. 4to. pp. xxiii, 604, and 
432, 
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A Vocabulary of the English and Malay Languages. Enlarged and improved. 
[Containing, 1st, lists of English words with Malay equivalents, arranged accord- 
ing to subjects ; 2nd, English and Malay sentences ; 3rd, English and Malay Dia- 
logues: the Malay romanized,] Singapore: 1846. 12mo. 

Handleiding bij de Beoefening der Javaansche Taal en Letterkunde, voor de Kadet- 
ten van alle Wapenen, bestemd voor de Dienst in Nederlands Indié; door Dr. J.J. 
De Hollander, etc. Breda: 1848. 12mo. 

Verslag van den Handel, de Scheepvaart, en de inkomende en uitgaande Regten op 
Java en Madura, over den Jare 1847... 1848.... 1849. Batavia: 1848, 1849, 
1850. 3 vols. 4to. 

A Sunscrit Vocabulary: containing the Nouns, Adjectives, Verbs, and Indeclinable 
Particles, most frequently occurring in the Sunscrit Language, arranged in gram- 
matical order ; with Explanations in Bengalee and English. By William Yates. 
Calcutta; 1820. 8vo. 

The Sunscrit Reader; or Easy Introduction to the Reading of the Sunscrit Lan- 
guage. In five Parts, etc. [In Bengalicharacters.] Calcutta: 1521. 8vo. pp. 64, 

Principles of English Grammar, for the use of the Natives of India. By M. W. 
Woollaston. With a literal Translation into Sanscrit, by Madhusudana Tarka- 
lankdéra, Calcutta: 1835. 12mo, 

An Elementary Grammar of the Sanscrit Language, partly in the Roman Charac- 
ter, arranged according to a New Theory, in reference especially to the Classical 
Languages: with short extracts in easy prose. By Monier Williams, M. A., etc. 
London: 1846. 8vo. 

A Dictionary, English and Sanskrit, by Monier Williams, M. A,, etc. Published 
under the patronage of the Honorable East India Company. London: 1851. 
4to, pp. xii, 860. 

A set of printed cards, constituting together a Bengali primer. 12 cards. pp. 
1-24, 12mo. size. 

The Bengalee and English Primer, for the use of Schools. Calcutta: 1833. 18mo. 
pp. 30. 

A Grammar of the English Language ; for the use of the Natives of Benzal. By 
Rev. J. D. Pearson.... [English and ay gt Calcutta: 1840. Svo. 

Introduction to the Bengali Language. By the late Rev. W. Yates, D. D. Intwo 
volumes. Edited by J. Wenger. Vol. J. Containing a Grammar, a Reader, and 
Explanatory Notes, with an Index and Vocabulary. Vol. IL Containing Selec- 
tions from Bengali Literature. Calcutta: 1847. 8vo. 2 vols. 

Bakyabali, or Idiomatical Exercises, English and Bengali, with Dialogues on Vari- 
ous Subjects, Specimens of Legal Documents, Letters, &c. By the late Rev. 

, J. D. Pearson, Calcutta: 1850. 12mo, 

Arabiyopdkhyana.... [The Arabian Nights’ Entertainments, translated from En- 
glish into Beng4li.} Calcutta: ¢dka 1775-6 (A.D. 1853-4). 12mo. 

A Dictionary of the English Language, with English Definitions and a Bengali In- 
terpretation; compiled from European and Native Authorities, by U. C. Addy. 
Calentta: 1854. 8vo. pp. ii, 761. 

Bengali and English Dictionary, for the use of Schools. ... Calcutta: 1856. 16mo. 

A Dictionary, Hindastani and English, By John Shakespear, etc. Second edition, 
much enlarged. London: 1820. 4to. pp. viii, 886. 

The English and Hindistani Student's Assistant ; or Idiomatical Exercises in those 
Languages. Designed to assist students of either language in acquiring an easy 
and currect method of expression. In four Parts. [romanized.] Culcutta: 1843. 
12mo. 

A Dictionary, Hindustani and English. By W. Yates, M.D. Calcutta: 1847. 8vo. 

The Handbook to Hindoostanee Conversation, with Familiar Phrases, and an Easy 
Vocabulary, English and Hindoostanee, [romanized.] Serampore: 1851. 18mo. 

. 59. 

Rintentaed School Dictionary, English and Urda. Third edition, revised. Calcut- 
ta: 1854. 16mo. 

Stewart’s Historical Anecdotes, with a Sketch of the History of England, and her 
Connection with India. Translated by Rev. W. T. Adam. Anglo-Hinduwee. 
Calcutta: 1835. 12mo. pp. 91. 

Vakyavali. The Student’s Assistant; or Idiomatical Exercises in English and Hin- 
dui. Calcutta: 1838. 12mo. 
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An Introduction to the Khasia Language; comprising a Grammar, Selections for 
Reading, and a Vocabulary. By the Rev. W. Pryse. Calcutta: 1855. 16mo. 
A Malabar and English Dictionary, wherein the Words and Phrases of the Tamuli- 
an Language, commonly called by Europeans the Malabar Language, are ex- 
a in English. By the English Missionaries of Madras. Wepery, near 

adras: 1779. 4to. [incomplete, interleaved, with MS. notes; much wormeaten.] 

The Acvamedha-Parvan of the Mahabharata, in Tamil. Madras: 1852. 8vo. 

The Rama-nataka, in Tamil. Madras: 1850. 8vo. 

Catalogue of Publications in Various Languages, on sale by the Calcutta School- 
Book Society. 1856. ([Calcutta: 1856.] 12mo. pp.10. (2 copies) 

A Dictionary of Words used in the East Indies, with Full Explanations ;.... To 
which is added Mohammedan Law and Bengal Revenue Terms. With an Ap- 
pendix, containing Forms of Firmauns, etc., ete... . 2nd edition. London: 1804. 
12mo. 

Journal of a Tour through Part of the Snowy Range of the Himmalaé Mountains, 
and to the Sources of the Rivers Junina and Ganges. By James Baillie Frazer, 
Esq. London: 1820. 4to. 

Sketch of the Column at Corygaum, with a Plan of the Village, some Letters, pri- 
vate and public, the General Orders, and the Dispatch from the Honorable Court 
of Directors, relating to the action on the Ist January, 1818. Madras: 1889. 
8vo. pp. 32. 

Articles of War for the Native Troops of the Army of India. Published by order 
of the Right Honorable the Governor General of India in Council. [Madras :] 
1845. 12m0. pp. ix, 64. 

A Letter to the Right Hon. Sir J. Hobhouse, President of the Board of Control, on 
the Baggage of the Indian Army. By Sir Charles James Napier, etc. Fourth 
edition. London: 1849. 8vo. pp. 37. 

Sketches of India: with Notes on the Seasons, Scenery, and Society of Bombay, 
Elephanta, and Salsette. By Henry Moses, M.D. London: 1850. 8vo. 

On the Scientific Principles of Agriculture considered as a Branch of Publie Edu- 
cation in India. By Reni Piddington. (Printed for private circulation in 1839) 
and now published. Calcutta: 1854. 8vo. pp. 23. 

A Grammar of the Cingalese Language. By James Chater. [Interleaved, and 
with occasional MS. notes.] Colombo: 1815. 8vo, pp. x, 41. 

A School Dictionary, English and Singhalese. Compiled for the Ceylon Central 
School Commission. Colombo: 1845. 24mo: 

A School Dictionary, Singhalese and English. By the Rev. W. Bridgnell. Co- 
lombo: 1847. 24mo. 

Second Report of the Female Boarding School at Oodooville, Jaffna ; under the di- 
rection of the American Ceylon Mission. July, 1843. Jaffna. S8vo. pp. 27. 
Also, bound with the above : 

First Report of the Female Boarding School at Varany, Jaffna ; under the direction 
etc. Oct., 1843. Jaffna. 8yvo. pp. 10. 

Report on the Wellicadde Gaol, Colombo, Ceylon; from its commencement, De- 
cember 1, 1843, to September 30, 1849. By A.G, Green, J. P., Governor of the 
Establishment. Colombo: 1850. 8vo. pp. iv, 84. 

The Leading Principles of English Grammar, translated into Persian, by Syud 
Auzumoodeen Hussun Belgramee. [English and Persian.) Calcutta: 1833. 
12mo. 

The Persian Reader; or Select Extracts from Various Persian Writers, [English 
and Persian.] Vol. I, 1835. Vol. 11, 1886. Calcutta. Svo., 

School Dictionary, English and Persian. Calcutta: 1855. 16mo. 

An Armenian Book, historical and geographical. 12mo. 

Specimen Nos. of 7 newspapers, published at Constantinople. Italian, Greek, Rus- 
sian, Turkish and Armenian. 

A Grammar of the Hebrew Tongue, being an Essay to bring the Hebrew Gram- 
mar into English, to facilitate the Instruction of all those who are desirous of ac- 
quiring a clear idea of this Primitive Tongue by their own Studies, .... and 

ublished more especially for the use of the students of Harvard College, at 
ambridge, in New England. Composed and accurately corrected by Judah 
Monis, M. A. Boston, N. E.: 1735. sm. 4to, pp. 96. 
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A Manuscript Copy of the Kuran, written at Palembang, in Java,in 1854, in pur- 
suance of a vow, by Mayerbinah, a returned Pilgrim to Mecca. 556 pages, folio 
size, the first two and last two pages brilliantly illuminated; the rest with col- 
ored borders, and occasional ornamented headings; Arabic binding. Very hand- 
some, and in perfect order ; enclosed in calico bag. 

Dictionnaire Frangais-Arabe, (Idiome parlé en Algérie) contenant: 1° tous les mots 
usités pour parler en Algérie .... 2° leur prononciation.... 3° leur pluriel; 
4° leur genre; par Ad. Paulnier, etc., etc. Ouvrage composé a Alger, et vérifié 
par plusieurs savants indigénes. Paris: 1850. 12mo. pp. xx, 911. 

Dizionario portatile delle Lingue Maltese, Italiana, Inglese, compilato da F. Vella. 
Parte prima [Maltese-Italian-English]. Livorno: 1848. 8vo. 

Maltese Grammar for the use of the English, by Francis Vella. Leghorn: 1831. 
12mo. 

Narrative of a Journey to the Zoolu Country, in South Africa. By Capt. Allen F. 
Gardiner, R. N. Undertaken in 1835. London: 1836. 8vo. 

Ueber die Ursprache, oder iiber eine Behauptung Mosis, dass alle Sprachen der 
Welt von einer einzigen, der noachischen, abstammen ; mit einigen Anhingen. 
Von D. Gottlieb Philipp Christian Kaiser, ete. Erlangen: 1840. 8vo. 

Thirty-six copper coins, all from the mint of Alexandria; viz. 15 of Claudius Goth- 
icus ; 8 of Gallienus; 5 of Cornelia Salonina, wife of Gallienus ; 3 of Gordianus ; 
2 = Severus Alexander; 1 of Philippus II; 1 of Valerianus; 1 of Trebonianus 
Gallus. 


From Rev. E. C. Bridgman, D. D.,.of Shanghai. 


Slips from the North-China Herald, describing the visit of the American Embassy 
to Pekin. 

Catholic Prayer-Book, in Chinese. 1795, 12mo. 

Inaugural Address before the Shanghai Literary and Scientific Society ; Sketches 
of the Miau-Tsze ; by Rev. E. ©. Bridgman [From Vol. I of Journ. of N.-China 
Branch of Roy. As. Society]. Shanghai: 1857-59. 8vo. 


From the British and Foreign Bible Society. 


Catalogue of the Library of the British and Foreign Bible Society. By George 
Bullen, of the British Museum. London: 1857. 8vo. 


From Prof. Hermann Brockhaus, of Leipzig. 


Die Sage von Nala und Damayanti, nach der Bearbeitung des Somadeva heraws- 
gegeben von Hermann Brockhaus, etc. Leipzig: 1859. roy. 8vo. pp. x, 32. 
Die Lieder des Hafiz .... herausgegeben von Hermann Brockhaus. 1, 4; ii, 1-4, 


From J. P. Brown, Esq., of Constantinople. 


La Presse d’Orient [semi-weekly newspaper]. Nos. 287-246. April-May, 1857, 
Constantinople. fol. 


From Rev. Ebenezer Burgess, of Boston. 


A Vocabulary of Words in the Hawaiian Language [by Lorrin Andrews]. Lahai- 
naluna: 1836. 8vo. ‘ 

The Bengalee Translation of the Vedant, or Resolution of all the Veds..... 
Together with a Preface by the Translator. Calcutta: 1815. 8vo. 

A Vocabulary, English and Goojurattee, to which is added a Selection of Fables, dc. 
By the Rev. William Fyvie. Surat: 1828, 8vo. 

A Grammar of the Mahratta Language. To which are added Dialogues on Famil- 
iar Subjects. The Second Edition. By W. Carey, D.D,, etc. Serampore: 1808. 
8vo. 

A Help in acquiring a Knowledge of the English Language. . .. [English and Can- 
er 3 Bellary Mission Press: 1835. 8vo. 

Vocabulary of the Haussa Language. Part I—Xnglish and Haussa, . Part IL— 
Haussa and English, and Phrases and Specimens of Translations. To which are 

refixed, the Grammatical Elements of the Haussa Language. By the Rev. 
Scenes Frederick Schén, etc. London: 1843, 12mo. 


vol. VI. 76 
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Vocabulary of the Yoruba Language. Part 1—English and Yoruba. Part IL— 
Yoruba and English. To which are prefixed, the Grammatical Elements of the 
a Language. By Samuel Crowther, Native Teacher, etc. London: 1842. 

mo. 

An Imperfect Outline of the Elements of the Galla Language, by the Rev. J. L. 
Krapf. Preceded by a few Remarks concerning the Nation of the Gallas, and an 
Evangelical Mission among them, by the Rev. C. W. Isenberg. London: 1840. 
12mo. pp. xiv, 16. 

Dictionary of the Galla Language, composed by Charles Tutschek, published by 
Lawrence Tutschek. Part I. Galla-English-German. Munich: 1844. 8vo. 

A Grammar of the Galla Language, by Charles Tutschek, edited by Lawrence 
Tutschek, M.D. Munich: 1845. 8vo. 


By the Ceylon Mission of the A, B.C. F. M. 

The Holy Bible... . translated .... under the auspices of the Brit. and For. Bible 
Society. Madras: 1850. roy. 8vo. Tamil. 

The same, printed on paper of quarto size. 

Genesis and Exodus XX. (New Version)....Jaffna: 1850. 18mo. Tamil. 

Deuteronomy.... Manepy: 1839. 18mo. Tami. 

The Book of Joshua.... Manepy: 1839. 18mo. 3 copies. Tamil. 

The Book of Judges.... Jaffna: 1840. 18mo. 3 copies. Tamil. 

The First [and Second] Book of Samuel.... Jaffna: 1840. 18mo. Tamil. 

The First [and Second] Book of Kings.... Jaffna: 1840. 18mo. Tamil. 

The Book of Ezra [with Nehemiah, Esther, and Job].... Jaffna: 1841. Tamil. 

The Psalins.... Manepy: 1839. 18mo. 3 copies. Tamil. 

The Book of Psalms.... Manepy: 1850. 12mo. Tamil. 

The Book of Psalms. Diglot Edition.... Jaffna: 1850. 12mo. 2 copies. Eng- 
lish and Tamil, 

The Proverbs of Solomon.... Jaffna: 1850. 12mo. Tamil. 

The Book of Isaiah.... Jaffna: 1841. 18mo. 3 copies. Tamil. 

The New Testament of our Lord and Saviour Jesus Christ. In the Tamil Lan- 
guage. Madras: 1840. 8vo. 

The same. Jaffna: 1843. 8vo. 

The Gospel according to Matthew.... Jaffna: 1854. 18mo. Tamil. 

Barnes’ Notes on St. Matthew’s Gospel.... Madras: 1848. 12mo. Tamil, 

The Gospel of Mark.... Jaffna: 1851. 18mo. - Zamil. 

Luke’s Gospel.... Jaffna: 1848. 12mo. Tamil. 

The Gospel according to St. Luke.... Jaffna: 1849. 12mo. 3 copies. English 
and Tamil. 

John’s Gospel.... Jaffna: 1847. 12mo. Tamil. 

The Acts of the Apostles.... Jaffna: 1854. 18mo. Tamil. 

The Acts of the Apostles. Diglot Edition.... Jaffna: 1851. 12mo. English and 
Tamil. 

Paul’s Epistles to Timothy.—The General Epistle of James.—The Three Epistles 
of John.... Jaffna: 1837, 32mo. 3 copies. Tamil. 

A Compendium of Scripture History.... Manepy: 1839. 18mo. Tamil. 

A Compendium of Doctrine.... Jaffna: 1840. 18mo. Zamil. 

The History of Little Henry and his Bearer. By Mrs.Sherwood. Translated from 
the English. Madras: 1840. 18mo. Zumil. 

An Essay on Faith. Designed for Catechists and Students of Theology.... Jaff- 
na: 1842. 18mo. Tamil. 

Tamil Tracts, 
General Series, Nos. 1-17, 24, 24-34, 36-66, 70, 71, 73-78; bound together in 

one volume. Jaffna: 1842-45. 12mo. 
New Children’s Series. Nos. 1-28; bound together in one volume. s.1. ands. a. 
18mo. 

A Brief History of the Church of Christ, from the German of the Rev. C. G. Barth, 
etc. Translated from the English, Madras: 1845. 12mo. Tamil. 

Tamil Hymns, Selected and Original, adapted for Public, Private, and Social Wor- 
ship.... Jaffna. 1846. 8vo. 


. 


The same, in 24mo, 
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Prayers for the use of Christian Families, with an Essay on Family Religion and 
a Table of Lessons for Family Worship.... Jaffna: 1846. 8vo. TZamil. 

The Class Book of Natural Theology. By the Rev. T. H. Gallaudet.... Madras: 
1846, 12mo. Tamil. 

se ." g Line, by the author of “ Peep of Day”.... Madras: 1846. 2 vols. 18mo. 
Tamil. 

The Indian Pilgrim. ... Second Edition. Madras: 1847. 12mo. Tamil. 

The Rise and Progress of Religion in the Soul, by Dr. Doddridge. Abridged and 
altered.... Jaffna: 1848. 12mo. English and Tamil. 

The same, Tamil only. 

The Pilgrim’s Progress from this World to that which is to come. By John Bun- 
yan.... Fifth Edition. Madras: 1848. 12mo. Tamil. 

The Daily Monitor: containing a text from Holy Scripture and a verse of Sacred 
Poetry for every morning and evening in the year. Jaffna: 1849. 24mo. Tamil. 

Instructions to Catechists. In twenty chapters; with an Appendix of eight chap- 
ters. By Rev. C.J. Beschi. Madras: 1849. 18mo. Tamil. 

A Poetical Compend of the Bible. In the form of a dialogue between a Gooroo 
and a Disciple concerning God, the soul, and sin. Jaffna: 1852. 18mo. Tamil. 

Summary of a Body of Divinity. Inthe Tamil Language. By the late Rev. C. 
T. E. Rhenius, Missionary. Fourth Edition. Madras: 1852. 12mo. 

Light of Truth. A Rejoinder to Abbe Dubois’s Refutation of Heresy. By Rev. 
G. W. McMillan, etc. Madras: 1853. 18mo. Tamil. 

A Manual Dictionary of the Tamil Language..... Jaffna: 1842. 8vo. 38 copies. 

Abridgment of Rhenius’ Tamil Grammar. Second Edition; with additions and 
improvements, Madras: 1845. 12mo. 

Abridgment of Tamil Grammar.... Jaffna: 1848. 18mo. Tamil. 

Easy Reader... .Jaffna: 1846. 18mo. Tamil. 

Tamil Instructor. Nos. 1-5. Manepy and Jaffna: 1847-51. 18mo. Tamil. 

Negandu: Part XI....Jaffna: 1843. 8vo. Tamil. 

The Classical Reader, or Selections from Standard Tamil Authors. Jaffna: 1847. 
8vo. 

Tamil Calendar: for the years 1835-1844, bound in one volume: for the years 
1845, 1847-1850, 1853, separate. Jaffna: 1834-53. &vo. 

The Morning Star. Published semi-monthly.... devoted to Education, Science, 
and Literature, etc. .... Jaffna. Vols. i, ii, iv (of Vol. iv, 2 copies). 4to. 
1841-44. Vols. v—-xiii, xv. folio. 1845-58, 1855. English and Tamil. 

Physical Science : in the form of a Dialogue. For the use of Schools.... Jaffna: 
1848. 16mo. Tamil. 

A Catechism on the Elements of Geography, in three Parts, with an Atlas.... 
Jaffna: 1847. 18mo. Tamil. 

The Oriental Astronomer: being a Complete System of Hindu Astronomy, accom- 
panied with a Translation, and Numerous Explanatory Notes. With an Ap- 
pendix. Jaffna: 1848. 8vo. 3 copies. Tamil. 

An Elementary Arithmetic, combining many of the peculiarities of the European 
and Tamil Systems. Jaffna: 1849. 18mo. Tamil. 

Tamil Geography for the use of Schools. Hindustan.... Third Edition. Jaffna: 
1850. 12mo. 

Elements of Logic.... By William Nevins. Jaffna: 1850. 18mo. Tamil. 

Anatomy, Physiology, and Hygiene.... Jaffna: 1853. 12mo. Tamil. 

An Elementary Algebra. By Daniel L. Carroll..... Jaffna: 1855. 12mo. Tamil. 

Three Chronological Charts, in Tamil and English. 

Four small Tamil books, without title, place, or date. 

First Lessons in English and Tamil. Designed to assist Tamil youth in the study 
of the English language.... Parts and II. Jaffna: 1847. 18mo. 

Phrase-Book; or Idiomatic Exercises in English and Tamil. Designed to assist 
Tamil youth in the study of the English language. Third Edition, Jaffna: 
1848. 12mo. 

Ten English school-books, published for the use of Tamil scholars. 

The Sidath Sangarawa, a Grammar of the Singhalese Language, translated into 
English, with Introduction, Notes, and Appendices, by James De Alwis, etc. 
Colombo: 1852. 8vo. 
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Report of the American Ceylon Mission; for the year 1852. Jaffna: 1853. 8vo. 
4 copies. Also, bound up with it, Brief Sketch of the American Ceylon Mission, 
with an Appendix. Jaffna: 1849, 8vo, 


From the Royal University of Norway, at Christiania. 

Det Kongelige Norske Frederiks Universitets Aarsberetning for 1854, for 1855. 
Christiania : 1857. 12mo. pp. 32, 37. s 

Beitriige zur Lateinischen Grammatik. I. Von L.C.M. Aubert. Christiania : 1856. 
8vo. pp, viii, 50. 

Quelques Observations de Morphologie Végétale, faites au Jardin Botanique de 
Christiania par J. M. Norman, etc, et publiées.... par H. H. , ete. 
Christiania: 1857. 4to. pp.32. , 

Observations sur les Phénomeénes d’Erosion en Norvége, recueillies par J. C. Hérbye, 
etc., et publiées par B. M. Keilhau, etc. Christiania: 1857. 4to. pp. viii, 56. 

Al-Mufassal, Opus de Re Grammatica Arabicum, auctore Abu ’l-Kasim Mahmid 
Bin ‘Omar Zamahs’ario. Ad fidem Codicum Manu seriptorum edidit J. P. Broch, 
theologie candidatus.,.. Christiania: 1859. 8vo. 


From the Commissioner of Indian Affairs. 
Information respecting the History, Condition, and Prospects of the Indian Tribes of 
the United States. Collected and prepared,.., by Henry R, Schoolcraft, LL.D. 
Part VI. Philadelphia: 1857. 4to. 


From the Commisioner of Patents. 
Report of the Commissioner of Patents for the Year 1855. Arts and Manufac- 
tures. Vol. i. (2 copies), Washington: 1856. 8vo. 
The same, for the Year 1856. Agriculture; Mechanics, Vol. i-iii, "Washington : 
1857. 8vo. 


From Rev, C, H. A. Dall, of Caleutta, 
Vividhartha-sangraha. [A Bengéli periodical], iv. 48,45. Calcutta: 1857. 4to. 
From Capt, C, H. Davis, U. 8. N., of Cambridge. 

Essai de Grammaire de la Langue des Iles Marquises, par un prétre de la Société 


de Picpus, missionaire aux Iles Marquises [René Dordillon, bishop of Cambisio- 
palire}]. Valparaiso: 1857. 8vo. ; 


From Dr. T. 7. Deven. 


The Beginner’s First Book in the Chinese Language (Canton Vocabulary).... [By 

Thomas T, Devan, M, D.] Hongkong: 1847. 8vo, 
From the Hon. East India Company. 

Rig-Veda-Sanhita, the Sacred Hymns of the Brahmans; together with the Com- 
mentary of Sayanacharya. Edited by Max Miiller, M. A., ete. Vol. iii, Lon- 
don: 1856. 4to. 

Rig-Veda-Sanhita.,., Translated from the Original Sanskrit, by H. H. Wilson, 
etc., etc. Vols. ii, iii, London: 1854, 1857. 8vo, 

A Glossary of Judicial and Revenue Terms, and of Useful Words, occurring in of- 
ficial documents relating to the administration of the government of British India, 
from the Arabic, Persian, Hindustani, Sanskrit.... and other languages.... 
By Horace Hayman Wilson, etc., etc. London: 1855. 4to. pp, xxiv, 732. 


From Mr. R. W. Emerson, of Concord, Mass. 

The Sraddha, the Keystone of the Brahminical, Buddhistic, and Arian Religions, as 
illustrative of the dogma and duty of adoption among the Princes and People of 
India. By D. Urquhart. London: 1857. 8vo. pp. 44. 

From M. P, E. Foucaua, of Paris. 
Grammaire de la Langue Tibétaine. Par Ph. Ed. Foucaux, etc, Paris: 1858, 8vo. 
From M. Garcin de Tassy, of Paris. 


Mantic Uttair ou le Langage des Oiseaux, poéme de philosophie religieuse par 
Farid-uddin Attar, publié en persan par M. Garcin de Tassy, ete. Paris: 1857. 
roy. 8vo. 
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Les Auteurs Hindoustanis et leurs Ouvrages, par M. Garcin de Tassy, etc. Paris: 
1855. 8vo. pp. 47. 

Chants Populaires de I’Inde, traduits par M. Garcin de Tassy. Paris: 1854. 8vo, 

, 49. 

Le Bostan, Poéme moral de Saadi: Analyse et Extraits par M. Garcin de Tassy, 
etc. Paris: 1859. 8vo. pp. 24. 

Discours de M. Garcin de Tessy a Ouverture de son Cours d’ Hindoustani.... le 5 
Mai, 1859. Paris: 1859. 8vo. pp. 20. 


From the German Oriental Society. 
Zeitschrift der Deutschen Morgenlindischen Gesellschaft. x.4—xiv.2. Leipzig: 

1856-60. 8vo. 

Register zu Band i-x der Zeitsch. d.D. M.G. Leipzig: 1857. 8vo. 
Abhandlungen fiir die Kunde des Morgenlandes, herausgegeben von der Deutschen 

Morgenlandischen Gesellschaft. Bandi. Leipzig. 8vo. 

No.1. Mithra. Ein Beitrag zur Mythengeschichte des Orients von Dr. Friedrich 
Windischmann. 1857. pp. iv, 99. 

No. 2. Al-Kindi, genannt “ der Philosoph der Araber.” Ein Vorbild seiner Zeit 
und seines Volkes. 1857. pp. 54. 

No. 3. Die fiinf Gathds, oder Sammlungen von Liedern tnd Spriichen Zarathus- 
tras, seiner Jiinger und Nachfolger. Herausgegeben, iibersetzt, und erklart von 
Dr. Martin Haug, ete. Erste Abtheilung. Die erste Sammlung (Gath4 ahu- 
navaiti) enthaltend. 1858. 

No.4. Ueber das Catrunjaya Méhatmyam, Ein Beitrag zur Geschichte der Jaina. 
Von Albrecht Weber. 1858. 

No. 5. Ueber das Verhiiltniss des Textes der drei Syrischen Briefe des Ignatius 
zu den iibrigen Recensionen der Ignatianischen Literatur. Von Richard Adel- 
bert Lipsius. 1859. 

Indische Studien.... herausgegeben von Albrecht Weber. iv. 1-3. Leipzig: 

1857-58. 8vo. 

Biblioteca Arabo-Sicula, ossia Raccolta di Testi Arabici che toccano la Geographia, 
la Storia, le Biografie, e la Bibliografia della Sicilia, messi insieme da Michele 

Amari. Lipsia: 1855. 8vo. 


From Capt. James Glynn, U. 8. N., of New Haven. 


The Urh-Ya, a Chinese Dictionary, profusely illustrated with cuts. In four Parts, 
large roy. 8vo size. 
Chinese Repository, xviii. 4. Canton: 1849. 8vo. 


From Rev. William Goodell, of Constantinople. 


The New Testament in the Turkish Language, Armenian character. Constantino- 
ple: 1856. roy. 8vo. 


From the Ducal Library at Gotha. 


Die Persischen Handschriften der Herzoglichen Bibliothek zu Gotha. Verzeichnet 
von Dr. Wilhelm Pertsch. Wien: 1859. 8vo. 


From Rev. Lewis Grout, of Umsunduzi, 8. Africa. 


An English-Kafir Dictionary of the Zulu-Kafir Language, as spoken by the Tribes of 
the Colony of Natal. By James Perrin, etc. Pietermaritzburg: 1855. 16mo. 
Remarks on the Proper Treatment of Cases of Polygamy, as found already existing 
in Converts from Heathenism. By Dr. J. W. Colenso, Bishop of Natal. Pieter- 
maritzburg: 1855. 8vo. pp. 27. 

A Reply to Bishop Colenso’s “Remarks ....” By an American Missionary. Pie- 
termaritzburg: 1855. 8vo. pp. 56. 

A Sermon delivered .... in Durban, Natal, June 8, 1856. By Rev. Lewis Grout. 
Pietermaritzburg: 1856. 8vo. pp. 24. 

A Discourse .... delivered .... at Durban and Pietermaritzburg, during the au- 
tumn of 1857. By Rev. Lewis Grout. Pietermaritzburg: 1857. 8vo. pp. 48. 
A Discourse, delivered .... in Durban, Natal, October 25th, 1857. By the Rev. 

Lewis Grout, etc. Pietermaritzburg: 1857. 8vo. pp. 39. 
The Cape Monthly Magazine. Vol. iii, No. 13: Jan. 1858. Cape Town. 8vo. 
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Acts of the Apostles, translated by the American Missionaries into the Zulu Lan- 
guage. Emsunduzi: 1859. 8vo. pp. 76. " 
A Grammar of the Zulu Language; accompanied with a Historical Introduction, 

also with an Appendix. By Rev. Lewis Grout, etc. Natal: 1859. 8vo. 


Prom Prof. 8. 8. Haldeman, of Columbia, Pa. 


Elements of Latin Pronunciation, for the Use of Students in Language .... By 
S. S. Haldeman, etc. Philadelphia: 1851. 12mo. pp. 76. 

Investigation of the Power of the Greek Z by means of Phonetic Laws—On the 
Relation between Chinese and the Indo-European Languages—Report on the 
Present State of our Knowledge of Linguistic Ethnology—by 8. S. Haldeman. 
Cleveland and Albany: 1856-57. 8vo. pp. 37. 


From Rev. E. E. Hale, of Boston. 
The Quarterly Journal of the American Unitarian Association. Vol. v, Nos. 2, 3. 
Boston: 1858. 8vo. 


From F. E. Hall, Esq., of India. 


Mukhtasar al-Ma’an, a rhetorical work, by Mas’id Ben Umar, called Sa’ad al-Tafta- 
zani. Calcutta: A. H. 1228 [A.D. 1813]. 4to. 

Nar al-Anwé4r fi Sharh al-Minar, a work on jurisprudence, by Shaikh Ahmad, called 
Shaikh Juytin Ben Abu Sa’id, ete. Delhi: A. H. 1234 [A. D. 1818]. to. 

Karabadin-i-Kabir. A. H. 1249 [A. D. 1833]. fol. Persian. 

Makhzan al-Adwiyah, by Muhammad Husain Khani. 2 vols. 4to. Persian. 

A Treatise on the Yoga Philosophy, by N.C. Paul, etc. Benares: 1851. 8vo. pp. 
iv, 63. 

Collectio Davidis, i. e. a celeberrime illius bibliothecee Hebrew, quam... . 
collegit R. Davides Oppenheimerus .... libros Hebraos ex omni fere literarum 
genere tam editos quam manu exaratos continens. Hamburgi: 1826. 12mo. pp. 
xvi, 744, 

Three stones, bearing Sanskrit inscriptions, from Central India (see above, pp. 499- 
537). ) 

From the Family of the late Baron Hammer-Purgstall, of Vienna. 


Literatur-Geschichte der Araber.... von Hammer-Purgstall. Zweite Abtheilung. 
Titer Band. Wien: 1856. 4to. 


From B. H. Hodgson, Esq., of Dursley, England. 


On the Aborigines of India, Essay the First; on the Kocch, Bédé, and Dhimél 
Tribes, in Three Parts.... By B.H. Hodgson, Esq.,etc. Calcutta: 1847. 8vo. 
Collection of lesser essays on the aboriginal tribes of Todia, by B. H. Hodgson, Esq., 
— from various volumes of the Journal of the Royal Asiatic Society of 
ngal. 
Illustrations of the Literature and Religion of the Buddhists. By B. H. Hodgson, 
Esq., etc. Serampore: 1841. 8vo. 


From W. B. Hodgson, Esq., of Savannah, 


Remarks on the Recent Travels of Dr. Barth in Central Africa or Soudan. A 
Paper read before the Ethnological Society of New York, Nov. 1858, by William 
B. Hodgson. 8vo. pp. 18. 


From Rev. C. C. Hoffman, of West Africa. 


The Acts of the Apostles, translated into the Grebo Tongue; by the Rev. John 
Payne, D.D., etc. New York: 1851. 16mo. pp. 98. 

The Litany, or General Supplication, with the Confirmation Service [in Grebo]. 
Cavalla, W. Afr.: 1858. 12mo. pp. 15. 

The Cavalla Messenger [Grebo and English], iii.10; ix.1. Cavalla: 1855-59. 4to. 

The Gospel according to St.John, translated into the Mpongwe Language: by 
Missionaries of the A. B. C. F. M., Gaboon, Western Africa. New York: 1852. 
12mo, 
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From Mrs. H. R. Hoisington, of Centre Brook, Conn. 


Manuscripts and Diagrams by the late Rev. H. R. Hoisington, to wit:—- __ 
Meteorological Journal and Astrological Meteorology. 1840, Aug. 8—1 841, Feb, 2, 
Astrological Journal, with Tables. Aug. 27—Dec. 7, 1840. 

Translation, from the Tamil, of part of the Skanda-Purdna, being an account of 
the universe ; with maps. 

Diagrams representing the Puranic view of the earth and of the universe; from 
a temple in South-India. 

Figure of Kamadhenu, the cow of plenty, with explanations. 

Figure of the so-called impression of Buddha’s foot, Adam’s Peak, Ceylon; with 
a plan of the temple. 


From Prof. C. A. Holmboe, of Christiania. 


Traces de Buddhisme en Norvége avant 1’Introduction du Christianisme, par M. C. 
A. Holmboe, etc. Paris: 1857. 8vo. pp. 75. 


From J. J. Jarves, Esq., of Florence, 


Art-Hints. Architecture, Sculpture, and Painting. By James Jackson Jarves, ete. 
London: 1855. 12mo. 
A Japanese book and map. 
From the Chev. N. Khanikoff. 


Tae dune Lettre de Mons. N. Khanykof 4 M. Dorn, datée de Nihmetabad 
oe) 1855. 


do. do. datée de Tébriz, le 75, Dec. 1855. 
do. do. §datée de Nihmetabad, le Ys Sept. 1856. 
do. do.  datée de Tébriz, le 4 Avril, 1857. 
[all extracts from the Mélanges Asiatiques of the Imperial Academy of St. Pe- 
tersburg. ] 
On a certain Arabic Inscription at Derbend .... [in Russian]. 8vo. pp. 10, and 2 
plates, [2 copies.] 
From Rev. EF. N. Kirk, D.D., of Boston. 
Moise de Khoréne .... Histoire d’ Arménie. Texte Arménien et Traduction Fran- 
caise. Par M. P. E. Le Vaillant de Florival, etc. Paris: s.a. 2 vols. 8vo. 
From Dr. Adalbert Kuhn, of Berlin. 


Zeitschrift fiir Vergleichende Sprachforschung, auf dem Gebiete des Deutschen, 
Griechischen, und Lateinischen, herausgegeben von Dr. Adalbert Kuhn, etc. 
viii. 1-6; ix. 1-4. Berlin: 1858-59. 8vo. 

Beitraige zur Vergleichenden Sprachforschung auf dem Gebiete der Arischen, Celt- 
ischen, und Slawischen Sprachen, herausgegeben von A. Kuhn und A, Schleicher. 
i, 1-4; ii 1,2. Berlin: 1856-59. 8vo. 

From Prof. Christian Lassen, of Bonn. 

Indische Alterthumskunde. Band iii. Leipzig: 1857-58. 8vo. 


From L. A. Huguet-Latour, Esq., of Montreal. 
Various pamphlets and Journals, concerning education and agriculture in Canada. 


From the Lodiana Mission of the Presbyterian Board. 


A Dictionary of the Panjabi Language, prepared by a Committee of the Lodiana 
Mission. Lodiana: 1854, 4to. 


From Dr. D. J. Macgowan, of Shanghai. 


Shanghai Almanac and Miscellany, for the years 1852-55. Shanghai: 1851-54. 
8yvo, ; 
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Chinese and Foreign Gazette. Vol. i, 1854-55. Vol. ii. 1855-56. Ningpo. 8vo. 

The Ninth Annual Report of the Chinese Hospital at Shanghae, from Jan. Ist to 
Dec. 31st, 1855. By the Committee. Shanghae: 1856. 8vo. pp. 15. 

Notices of Chinese Buddhism, by Rev. J. Edkins, Shanghae. 1855. 8vo. pp. 39. 


From Rev. W. A. Macy, of Shanghai. 
The Gospel of Matthew, in Manchu and Chinese. Shanghai: 1858. roy. 8vo. size. 
xylographed. 
From Messrs, Maisonneuve & Cie, of Paris. 
Recherches sur I’Ecriture des différents Peuples anciens et modernes; ouvrage ren- 


fermant une grande collection d’ alphabets et de nombrenx fac-simile d’écritures 
reproduits en or et en couleur, par L. Léon de Rosny. Livraisons 1-4. Paris: 
1857. 4to. 
From Hon. G. P. Marsh, of Burlington, Vt. 
On the Rosheniah Sect, and its Founder, Bayezid Ansari. By J. Leyden, M.D. 
4to. pp. 66. 
From Rev. J. A. Merrick, of Paris, Ky. 
Three Tracts, in the Assiniboine Chippewa Language, to wit :— 


The Young Cottager. Montreal: 1848. 12mo. pp. 34. 
On the Holy Scriptures, with a Hymn to Christ. [New York: 1852.] 12mo. 


. 12. 
The Creed—The Commandments—The Lord's Prayer. [London: 1853] 12mo. 


. 5. 
Dour asian, two silver and two copper, not yet identified : one copper cash. 
From J. Muir, Esq., of Edinburg. 


Original Sanskrit Texts on the Origin and Progress of the Religion and Institutions 
of India; collected, translated into English, and illustrated by Notes .... By 
J. Muir, etc. Part First. The Mythical and Legendary Accounts of Caste. Lon- 
don: 1858. 8vo. 


From Prof. K. F. Neumann, of Munich. 


Geschichte des Englischen Reichs in Asien. Von Karl Friedrich Neumann. Leip- 


zig: 1857. 2 vols. 8vo. 
Das Reich Japan und seine Stellung in der Westéstlichen Weltbewegung. Von 


Karl Friedrich Neumann. [Miinchen: 1857.] 12mo, 
From the North-China Branch of the Royal Asiatic Society. 

Journal of the North-China Branch of the Royal Asiatic Society. Vol. i, Nos. 1, 2. 

Shanghai: 1858-59. 8vo. 

From the Oriental Society of France. 

Revue de Orient. Bulletin de la Société Orientale de France. 16me année. 

Nros, i-iv. Paris: 1858. 8vo. 

From Prof. Joseph Packard, D.D., of Fairfax Co., Va. 


The Gospel of Matthew, in Shanghai Colloquial, Chinese character. Shanghai. 
8vo size. xylographed. 

The same, romanized. Shanghai. 8vo size. xylographed. 

A Geography, in Shanghai Colloquial, romanized; with maps. Shanghai. 8vo 
size. xylographed. 

From Mr. A. H. Palmer. 

Documents and Facts illustrating the Origin of the Mission to Japan, authorized by 
the Government of the United States, May 10th, 1851 .... By Aaron Haight 
Palmer. Washington: 1857. 8vo. pp. 22. 


From Rev. J. Perkins, D.D., of Orimiah. 
The Old Testament in Modern Syriac, with References. 4to. pp. 1004. 
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From the Philological Society of London. 


Proceedings of the Philological Society. Vols. i-vi. London: 1844-54, 8vo. 
Transactions of the Philological Society. 1854, 1855, 1856. London. 8vo. 


From Dr. Charles Pickering, of Boston. 


The Geographical Distribution of Animals and Plants. By Charles Pickering, etc. 
Boston and London: 1854. fol. 


From Prof. A. F. Pott, of Halle. 


Etymologische Forschungen auf dem Gebiete der Indo-Germanischen Sprachen, 
unter Beriicksichtigung ihrer Hauptformen .... von Aug. Fried. Pott, ete., etc. 
Zweite Auflage in voéllig neuer Umarbeitung. Erster Theil. Prapositionen. 
Lemgo und Detmold: 1859. 8vo. pp. xxvi, 859. 


From Radhékdénta Deva Bahddur, of Calcutta. 


Cabdakalpadrumaparicishtah. An appendix to the (abdakalpadruma, or Sanskrit 
Encyclopedia, of Radhakanta Deva. Caleutta: 1779 [A. D. 1856]. 4to. pp. 1396. 


From Rdjendraldla Mitra, of Calcutta. 


Vividhartha-Sangraha .... a Bengali monthly magazine, published in numbers of 
24 pages. Vols. ii, iii, Calentta: 1851-52. 4to. 

Bibliotheca Indica. No.78. Chhandogya-Upanishad .... translated .... by Ra- 

jendralal Mittra. Fasciculus Ist. Calcutta: 1854. 8vo. 

do. Nos. 47, 48, 80. Chaitanya Chandrodaya, or the Incarnation of Chaitanya; 
a Drama, in ten acts, by Kavikarnapura. With a commentary explanatory of 
the Prakrita passages, by Pandita Viswanatha S’astri. Edited by Rajendraldl 
Mittra. Caleutta: 1853-54. 8vo. 

do. Nos. 51, 78, 148-5. The Lalita-Vistara, or Memoirs of the Life and Doc- 
trines of S‘akya Sifha. Edited by Rajendralal Mittra, Fasciculi1-5. Calcutta: 
1853-58. 8vo. 

do. Nos, 125,126. The Taittiriya Brahmana of the Black Yajur Veda, with 
the Commentary of Sayanacharya, edited by Rajendralal Mittra, etc. Fasciculi 
1,2. Calcutta: 1855. 8vo. 

From M. Reinaud, of Paris. 

Question Scientifique et Personelle, soulevée au sein de l'Institut, au sujet des der- 
niéres découvertes sur la Géographie et |’Histoire de I’Inde, avec les explications 
de M. Reinaud, etc. Nouvelle édition, revue et augmentée d’ une deuxiéme 
partie. Paris: 1859. 8vo. pp. 36. 


From M. Ernest Renan, of Paris. 
Nouvelles Considérations sur le Caractére Général des Peuples Sémitiques, et en 


particulier sur leur tendance au monothéisme, par M. Ernest Renan. [Extrait 
du Journal Asiatique] Paris: 1859. 8vo. 


From Rev, Elias Riggs, D.D., of Constantinople. 

Outline of a Grammar of the Turkish Language, as written in the Armenian Char- 
acter. By Elias Riggs, etc. Constantinople: 1856. 16mo, pp. iv, 56. 

Gospel of Matthew, in the Kdrdish Language, Armenian Character. (“ Translated 
by a native helper of the Assyrian Mission of the A. B, C. F. M., and the first 
book printed in Kardish, so far as Iam aware.—E, R.”) Constantinople: 1856. 
12mo. 

From Prof. £. Rédiger, of Halle. 

Gulielmi Gesenii Thesaurus .... Veteris Testamenti. Tomi Tertii Fasciculus No- 

vissimus .... edidit Mmilius Roediger, ete. Lipsi#: 1858. 4to. 


From Dr. F. L. 0. Roehrig, of Philadelphia. 


De Turcorum Lingue Indole ac Natura scripsit F, L, O. Roehrig. Philadelphis : 
1859. 8vo. pp. 30. 
VOL. VI. 77 
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From Professors Roth and Whitney. 


Atharva-Veda-Sanhita, herausgegeben von R. Roth und W. D. Whitney. Zweite 
Abtheilung [das 20ste Buch des Textes enthaltend]. Berlin: 1856. 8vo. 


From the Royal Asiatic Society of Great Britain and Ireland. 


Journal of the Royal Asiatic Society of Great Britain and Ireland. xvi. 2; xvii. 1. 
London: 1856-59. 8vo. 


From the Reyal Society of Northern Antiquaries. 


Sur la Construction des Salles dites des Géants, par S. M. le Roi Frédéric VII de 
Danemark. Copenhague: 1857. 8vo. pp 19. 

Cabinet d’ Antiquités Américaines 4 Copenhague. Rapport Ethnographique par 
C. C. Rafn. Copenhague: 1858. 8vo. pp. 60. 

Various papers concerning the Royal Society of Northern Antiquaries. 


From Prof. E. E. Saiisbury, of New Haven. 
Journal de Constantinople. Nos. 759, 760, 762,764. 1856. fol. 
From Prof. B. Silliman, Jr., of New Haven. 


The Gospel of Mark, in Zulu. Emkungunhlovu: 1856. 16mo. pp. 59. 

An Arithmetic, in Zulu. Etekwini: 1856. 18mo. 

The Psalms, in Zulu. Port Natal: 1850. 8vo. 

The Epistle to the Romans, in Zulu. Port Natal: 1854. 16mo. pp. 54. 

Acts of the Apostles, in Zulu. Emsunduzi: 1859. 8vo. pp. 76. 

A Zulu Primer. Emsunduzi: 1859. 8vo. pp. 8. 

The Three Epistles of the Apostle John, translated into Delaware Indian, by C. F. 
Dencke. [English and Delaware, on opposite pages] New York: 1818. 24mo. 
pp. 21. 

From the Smithsonian Institution. 


Smithsonian Contributions to Knowledge. Vols. viii-x. Washington: 1856-58. 4to. 
Reports of the Smithsonian Institution, for 1855; for 1856; for 1857. Washing- 
ton: 1856-58. 8vo. 


From Prof. J. A. Spencer, D.D., of New York. 


Egypt ani the Holy Land.... By J. A. Spencer, D.D., etc. Fourth Edition. 
New York: 1854. 12mo. 


From Rev. D. T. Stoddard, of Orimiah, 


“Green Pastures for the Lord’s Flock;” .... translated from the English into the 
Modern Syriac. sm. 4to. 

A Full Arithmetic, in Modern Syriac. sm. 4to. 

A Compendium of Church History; translated from the English into the Modern 
Syriac. sm. 4to. 

“Scripture Facts,” .... translated into Modern Syriac. 12mo. 

Baxter’s Saints’ Rest, translated into Modern Syriac. 12mo. 

“Threefold Cord;” .... translated from English into Modern Syriac. 16mo. 


From the Imperial Academy of Sciences of St. Petersburg. 


Bulletin de la Classe Historico-Philologique de l’ Académie Impériale des Sciences 
de St.-Pétersbourg. Tomes ix-xv. St.-Pétersbourg: 1852-58. 4to. 

Mémoires de Académie Impériale des Sciences de St.-Pétersbourg. Sixiéme 
Série. Sciences Politiques, Histoire, Philologie. Tomes viii, ix. St.-Péters- 
bourg: 1855-59. 4to. 

‘Aly Ben Schems-Eddin’s Chanisches Geschichtswerk, oder Geschichte von Gildan in 
y Jahren 880 (=1475) bis 920 (=1514). Persischer Text. Herausgegeben 
von B. Dorn. St. Petersburg: 1857. 8vo. 

‘Abdu’l-Fattah Fameny’s Geschichte von Gildan in den Jahren 923 (=1517) bis 1038 
(=1628). Persischer Text. Herausgegeben von B. Dorn. St, Petersburg: 
1858. 8vo, 
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Ausziige aus Muhammedanischen Schriftstellern, betreffend die Geschichte und 
Geographie der siidlichen Kiistenlinder des Kaspischen Meeres, nebst einer kur- 
zen Geschichte der Chane von Scheki. Arabische, Persische, und Tiirkische 
Texte. Herausgegeben von B. Dorn. St. Petersburg: 1858. 8vo. pp. 47, 626. 


From the Superintendent of the Coast Survey. 


Report of the Superintendent of the Coast Survey, .... 1857. Washington: 
1858. 4to, 


From L. W. Tappan, Esq., of Boston. 
A Javanese manuscript, on four strips of palm-leaf. 


From Nicholas Triibner, Esq., of London. 


The Literature of American Aboriginal Languages, by Hermann E. Ludewig. 
With additions and corrections by Prof. Wm. W. Turner. Edited by Nicholas 
Triibner. London: 1858. 8vo. 


From Prof. 8. H. Turner, D.D., of New York. 


The Epistles to the Romans, to the Galatians, to the Ephesians, and to the He- 
brews, in Greek and English. With an Analysis and Exegetical Commentary, 
by Samuel H. Turner, D.D. 4 vols. New York: 1855-56. 8vo, 

Thoughts on the Origin, Character, and Interpretation of Scripture Prophecy. In 
Seven Discourses .... With Notes. By Samuel H. Turner, D.D., ete. New 
York: 1856, 12mo, 


From the Imperial-Royal Geographical Society of Vienna. 


Mittheilungen der Kaiserlich-kéniglichen Geographischen Gesellschaft, Jahrginge 
i, ii, iii. 1,2. Wien: 1857-59. 8vo. 


From Rev. Edward Webb, of Dindigul. 
The Tamil Quarterly Repository. Vols. i-iv. Madras: 1854-57. roy. 8vo. 


From Prof. Albrecht Weber, of Berlin. 


Ueber das Dacakumara-Caritam, die Fahrten der zehn Prinzen, von A. Weber. 
[pp. 18-56 of the Monatsberichte d. Kén. Ak. d. Wiss. zu Berlin, 1859] 8vo. 

Ueber ein Indisches Wiirfel-Orakel, von A. Weber. [pp. 158-180 of do.] 8vo, 

Zwei Vedische Texte iiber Omina und Portenta. Von A. Weber. [pp. 313-413 
of the Abhandlungen d. Kon. Ak. d. Wiss. zu Berlin, 1858] 4to. 

Die Vajrastici des A¢vaghosha. Von A. Weber. [p. 205-264 of do., 1859] 4to. 


From Dr. 8. W. Williams, of Canton. 


A Tonic Dictionary of the Chinese Language, in the Canton Dialect. By Samuel 
Wells Williams, Canton: 1856. 8vo. pp. xxxvi, 832. 


From Messrs. Williams and Norgate, of London. 


The Languages of the Seat of War in the East. With a Survey of the Three 
Families of Language, Semitic, Arian, and Turanian. By Max Miller, ete. 
Second Edition, with an Appendix on the Missionary Alphabet, and an Ethnolog- 
ical Map, drawn by Augustus Petermann. London: 1855. 8vo. 

Early Christianity in Arabia; a Historical Essay. By Thomas Wright, ete. Lon- 
don: 1855. 8vo. 

The Book of Jonah in four Semitic Versions, viz. Chaldee, Syriac, Athiopic, and 
Arabic. With corresponding Glossaries, by W. Wright. London: 1857. 8vo. 
A Pocket Dictionary of the English and Turkish Languages. By J. Sauerwein. 

London: 1855. 18mo. 

Williams and Norgate’s Foreign Catalogues. London. 8vo, 

Buddhism and Buddhist Pilgrims. A Review of M. Stanislas Julien’s “ Voyages 
des Pélerins Bouddhistes.” By Max Miiller, ete. Together with a Letter on 
the original meaning of ‘Nirvana.’ London: 1857. 8vo, pp. 54. 
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Modern Investigations on Ancient India. A Lecture delivered in Berlin March 4th, 
1854, by Professor A. Weber. Translated from the German by Fanny Metcalfe. 
London: 1857. 8vo. pp. 31. 

Analecta Nicena: Fragments relating to the Council of Nice, The Syriac Text, 
from an ancient MS. in the British Museum. ——e Notes, etc. 
By B. Harris Cowper. London: 1857. roy. 8vo. pp. iv, 38. 

Essays on the Religion and Philosophy of the Hindus, by the late H. T. Colebrooke, 
Esq. A New Edition. London: 1858. 8vo. 

A Reading Book of the Turkish Language, with a Grammar and Vocabulary; .... 
By William Burckhardt Taylor, ete. London: 1854. 8vo. 

Gilchrist’s Oordoo Risaluh. Or Rules of Hindoostanee Grammar, Calcutta: 1831. 
8vo. lithographed. 

The Philological Essays of the late Rev. Richard Garnett of the British Museum. 
Edited by his Son, London: 1859, 8vo. 

On the Christian Duty of the British Government in India, addressed to the Right 
Honorable * * * * by Abd al-W4hid. London: 1859. 8vo. pp. 22. 

Selections from Papers on Indigo Cultivation in Bengal, with an Introduction and a 
few Notes, by a Ryot. Calcutta: 1858. 8vo, 

Georgii Guilielmi Kirschii Chrestomathia Syriaca cum Lexico. Denuo edidit Geor- 
gius Henricus Bernstein, etc. Pars Prior. Chrestomathia ex Codd. MSS. emen- 
data et aucta—Pars Posterior. Lexicon penitus novatum. Lipsiae: 1832-36. 
2 vols. 8vo. 

The Mutinies and the People, or Statements of Native Fidelity, exhibited during 
the Outbreak of 1857-58. By a Hindu. Calcutta: 1859. 8vo, 


From Prof. H. H. Wilson, of London. 


Rig-Veda-Sanbité .... Translated from the Original Sanskrit. By H. H. Wilson, 
ete., ete. [ Vol. i] London: 1850. 8vo. 


From Dr. Joseph Wilson, U. 8. N. 


A Japanese Fan, inscribed with a traveller's Guide. Accompanied with a manu- 
script notice, transcription, and partial translation, by Dr. J. Wilson. 

The Bible, in the Tahitian Language. London: 1847. 8vo. pp. 983. 

A Tahitian and English Dictionary, with introductory remarks on the Polynesian 
Language, and a short Grammar of the Tahitian Dialect; with an Appendix..... 
Tahiti: 1851. 8vo. 

Isaiah to Malachi, in the Tonga Language. Vavau. 8vo. 

The New Testament, in the Tonga Language. London: 1852. 12mo. 

Catechisms, etc., in the Tonga, Fiji, Wallis Island, and Samoan Languages. Vavau 
and Uvea: 1846-67. 

Genesis, Exodus, and Psalms, in the Fiji Language. Viti: 1854. 12mo. 


Prom Exchange of Duplicates. 


Mithridates oder allgemeine Sprachenkunde mit dem Vater Unser als Sprachprobe 
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--+- By Peter S. Duponceau, LL.D., etc. To which are subjoined, a Vocabu- 
lary of the Cochinchinese Language, by Father Joseph Morrune, etc., with .... 
notes .... by M. de la Palun, etc.; and a Cochinchinese and Latin Dictionary. 
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Exposition of the Principles of Mohammedan Jurisprudence, by H. Tornauw. St. 
Petersburg: 1850. 8vo. Russian. 

Kufische Miinzen. Von G.H. F. Nesselmann. [Aus d. neuen Preuss. Prov.-Blit- 
tern .. - Konigsberg: 1854. 8vo. pp. 12. 
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ERRATA. 


. 148, Il 2, 3 from below—exchange the words former and latter. 
. 156, 1. 28—for plants read planets. 

157, 1. 25—for 73-89 read 80-90. 

168, table, 8rd column (Ptolemy), 1. 1—for 36 read 6. 
178, 1. 84—for Ward read Warren. 

. 176, 1. 20—for 84-88 read 31. 

. 188, 1. 41—for 5059.556 read 5059.64. 

. 191, 1. 22—for day-sine read earth-sine. 

p. 264, 1. 4—for sines read signs. 

p- 267, 1. 20—for longitude of read of longitude. 

p- 334, 1. 12—for as-Sarfah read as-Sarfah, 


Be Be) 


p. 835, 1. 15—for fourteenth read thirteenth. 
p. 427, 1. 2 from below—for 1962nd read 1917th. 
p. 507, L 11—for STATA? read TEI. 


‘ 32 
p. 513, 1. 31—for 32,34.... Varidhara read { 34. Vanetd, 


References made in the notes on the earlier chapters of the Sirya-Siddhanta to 
the latter portion of chapter xii are in several instances wrong by one verse, owing 
to an error of the manuscript consulted. 


Vartdhard. 


























— ppri6i907 — S 























SIXTH VOLUME. ee ee 


NUMBER II. 











NEW HAVEN: : 
FOR THE AMERICAN ORIENTAL. SOCIETY, 


Painted By E. Hayes, Painter To: YALE CoLtEas. 
 MDOOOLX. 





SOLD BY THE SOCIETY'S. AGENTS: 

‘NEW YORK: JOHN WILEY, 56 WALKER 8T.; \ 
LONDON: TRUBNER & CO,; PARIS: BENJ. DUPRAT; 
LEIPZIG: F. A. BROCKHAUS. 




















ow? 








The Journat or THE American Orrentat Soctery is published, at 
present, in annual Numbers of about 250 pages each, of which two will 
constitute a Volume. Each Number is forwarded, as soon as published, 
to all the Corporate Members of the Society. It is also sent, by the 
Corresponding Secretary, to such of the Corresponding and Honorary 
Members as havé aided the Society by contributions, correspondence, 
donations to the Library or Cabinet, etc. 

Of the Translation of the Sirya-Siddh&nta, contained in this Volume, 


a small separate edition has been struck off. Copies of it may be = 
chased (price $2.50) of the Socicty’s Agents. ~ 2 





Price of Volumes I-VI of this Journal, 


“é- 








7 atthe ov oR. 5 : 
ARE PG ot ey ee ee : Ee tee, keen ms ities nj 
EE my Fer ghes 7 hae Se Mm ee ie aes 








TO CORRESPONDENTS. 


Twenty copies of each article published in this Journal will be for- 
warded to the Author. A larger number will be furnished at cost. 

Arabic, Persian, Nestorian Syriac, Armenian, Sanskrit, Tamil, and 
Japanese fonts of type are provided for the printing of the Journal, and 
others will be procured from time to time, as they are needed. 






































fy Bi 

da 

par 

7 pase 

thin ~ — —_— = Ta. Me ee - ™ a —_ ors 2 ou nat ? Pen? 
monrecti ceremonies ee s . : — sete 
{ m 

&. 

\& 
- an 

. \ . oe 

a. eee 
ve Se 

CONTENTS ats 

e > Pe thea 

=jpaee. 

bean’ 

a ae 

P hae 


Arr. HI.—Transtation or tHe Strya-SippuAnra, a Text-800K 


or Hinpv Astronomy; wirn Nores, anp aN APPENDIX. ; 


By Rev. Esznrzer Boresss, formerly Missionary of the 

A. B.C. F.M, in India, assisted by. the Committee of 

Publication [Second and Concluding Part], ....:.... 269 
Art. IV.—Two Sanskrit Inscriptions, ENGRAVEN ON STONE: 

the Original Texts, with Translations and Comments. 

By Frirz-Epwarp Hatt, Esq. M.A. ...+..-0 is eens 499 
Arr, V.—Taree Sanskrit Inscriptions, RELATING TO GRANTS 

or Lanp: the Original Texts, Translations, and Notes. 

By Frrz-Eowarp Hatt, Esq., M. A.,...... ea ead a <'tae 538 
Arr. VI.—A Greex Inscription From Dapune, NEAR Antiocn, 

in Syrra. By James Hantev, ‘Professor of Greek- in 


Yale College, Sid wae Ub cusake, oh lala is Wi teceal showy chess ‘550 


Arr, VII.—Own roe Arva-Smpninta. By Frrz-Epwarp Hatt, 
Esq., M. A. [with an Additional Note on ce ig and 


his Wangs by the aan of Publication], .. 556 | 
MISCELLANIES : ‘ 
I. Inverted Construction. of Modern Armenian. By Rev. |. +. 
Biaxin eee, Dh he ie) si bas ke Rha as Wea wea be ws 565 
II. On’ Dr. 8. W. Williams’s Chinese Dictionary. By Rev. 
WSs As MAR i wy ctr cickn SOC ca Fer bwes.s cvs. OOS 
Ili. On the Natural Limits of Ancient Oriental Hikers: By 
Proi. James Morrat, D.D.,, 02... 66 ssee eee cseeene 571 


TV. Extracts rrom CoRRESPONDENCE : = 
1. From a Letter of Rev. Justin Perkins, D.D.,of Orimiah, 574 ~ 
2. From a Letter of Prof. C.J. Tornberg, of the Univer- 


Baby Of, LUNG; seas. oho 0 hie oo ois Ee whieh oo ewe 574 
F 3. From a Letter of Raja Radhakanta Deva Bahadur, of 
‘; COMIOUUER, oie oe Cine eee s'0'c os cco ha tute ieee 575 
4. From a Letter of John Muir, Esq., D.C.L., of: Edin- 
* burgh (to F. E. Hall, Esq.),......sesdnens nese B10 
American Orrentan Sociery : «Pies 
I. Sélect Minutes of Meetings of the Society, ...... paises. O87 
Ii. Additions to the Library and Cabinet, October, 1856— 
MBG TIO, 5565 beck yaa veo be Wegteieie'elss ve». 588 
Til, List of’ Members, May, 1860, ...... ee 607 











oe 











gS I ae i OR OES GE al EMD Ri OE AN RNR ec A A RA aN Bh OO 





